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nq G. Muntord, L4. 


OULVBR STREET WORKS, COLCHESTER. 
Ox ADMIRALTY AND WAR OFFICE 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 
See Advertisement, pages 33 and 92, 


NT WATER-TUBE BOILBRS 
_ AUTOMATIC FEED REGULATORS, 


And Auxillary Mashinety as supplied to the 
Admiralty. 2179 


iesel Driven Generators, 
400-500 Kw., one Bamly pon > ae 350 
R.P.M., in excellent condition. Low 


Bogines a and he yg le be sold Panparasal. 


390-280 volts, oD. C. aes — 460-500 volts), complete 
with Spare Armature and Condenser 
Exhuost TURBINE SBT, Willane-#.0.0., 200 Kw., 
440/500 Volts. — ate with Condenser, Pampes, ds. 


West Walle Newoastle-en-Tyne. 1969 


Brstol 


Preumatic 








b Yaga 


See Advertisement last week, page 120. 


ranes.—Electric, Steam, 
HYDRAULIO and HAND. 
of all t and sizes. 
G@BORGH RUSSELL & CO., 
Motherwell, near Glasgow. 


BorLrer ScaLers. 





Lrp., 





STEEL TANKS, PIPES, GASHOLDERS, &c 


M[lhos. Piggott & Co., Limited, 
BIRMINGHAM. mil 
See Advertisement last week, page 115. 


Plenty and Gon, 
Liirep. 
MARINE BNGINEBRS, &c. 
Newsury, ENGLAND. 








lank Locomotives. 
ames ~~ -_ _——_ equal to 
e Locomoti 


R. & W. HAWTHORN, LESLIE & & COo., Lrp., 
ENGINEERS, NEWCASTLE-ON-TYNE. 8203 





MULTITUBULAR AND 
((ochran OROSS.TUBE TYPES. 
Boers. 
See page 17. 8205 





Qi aceon 


P etter 
Manufactured by 


___ PETTERS Luwirep, Engineers, Yeovil. 
. Spencer- J opwood” Patent 


Sole Makers: Boilers. 
W. H-SPENCER & CO., » Frvemm, Herts. 
See page 8421 


[vincible ncible (jauge ({ lasses. 


BUTTERWORTH BROS., Ltd., 
Newton Heath Glass Works, 











arrow & Oo., Ltd., 


SHIPBUILDHRS AND ENGINEERS, 
sasee 


iW. 
SPEEDS UP TO 45 MILES AN HOUR, 
PABDLE OR SCREW STBAMERS OF 
EXCEPTIONAL w Dravent. 
Repairs on Pacific Coast 
by YARROWS, LIMITED, Victoria, British 


Columbia, 1769 
SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 


ohn Pellamy, J imited, 
J BD aay poke * 

GENERAL OonsTRUCTIONAL ENGINEERS, 
Boilers, Tanks, & Mooring Buoys 
Struts, Perro. Tanxs,-AtIR RECEIVERS, STEXL 


Currys, RIVETED STEAM AND VENTILATING PIPES, 
Hopptrs, SprciaL Worx, Repares or Aut Kips. 


oyles Limited, 


GINBERS, IRLAM, MANCHESTER. 
7 Ad HEATERS 


ath HVAPORATORS, 

CONDENSIIS, Pareyrts 
STBAM Gas. Bia 
errill’s =: Patent TWIN STRAIN 
for Pump Suctions. 
SYPHON REDUCING VALVES 
Hi, seedy NMRETAL STEAM FITTINGS 

ATER SOFTENING and FILTERING, 5723 





(Campbells & Hater, lL 
Gear Cutting. 
Worm Wheels cut up to 13 ft. diam. 


Bevel and Mitre Wheels planed up to 3 ft. diam. 
Spur Wheels cut up to 9 ft. diam. 


DOLPHIN FOUNDRY, LEEDS. 


“°f[ axchtes, Launches, or 





4547 
Built complete with Steam, Oil «s na foe 

Motors; or Machinery supplied. 

VOSPER & OO., Lrp., Broap STREET, a rH. 


Drop Forgings 


GARTSHEBRRIE ENGINEERING & FORGE Co., 
50, Wellington Strest, Glasgow. 








QO” FUBL APPLIANOBS. 


Pressure, Arm, STEAM. 
For Boilers of all types. 
KEBRMODES LIMITED, 
35, The Temple, Dale Street, 
Liverpool ; and 
108, Fenchurch 8t., 
Naval Outfits a 


London. 
4078 





ocomotives Tank Engines 
construeted 
=enEING, Vv RLUIEL my 2 COMPANY, LIMITED 
ne Works, Leeds 
See their rites Adv ment, page 131, last week. 
RAILWAY AND TRAMWAY ROLLING STOCK. 


H™ Nelson & (., | 4. 








Tue Guascow Roiiive Srockx snp nS 
MorTrHERWELL. 
The (Cambridge and pa 
[»strument 
8194 
COMPANY, LIMITED. 


Works: Cambridge and 
New Southgate, London, N. 11. 


He2'y Butcher & Co., 


VALUEBRS axp AUCTIONEERS 
to the 
BNGINEERING AND ALLIED TRADES. 
ALSO FOR 
PLANT awp MACHINERY. 





8134 








Manchester. Oa 9758 68 and 64, CHANUBRY LANES, W.C. 2. 
‘lectric Yransporters. lectric ifts 
1D f 3 P EK (UP TO 3 TONS.) UL 
8. H. HEYWOOD & « 00.,LTD., 8148 8. H. HEYWOOD & ©0., LYD., 
Fuller, Horsey, Sons & Cassell, ‘6 ” 
sPmotaLisrs Aptol 
SALE AND VALUATION ubricatin ils 
PLANT AND MACHINERY 1834 L ARE AL O 


and 
ENGINEERING WORKS. 
BILLITER SQUARE, 8.C. 3, 
Tron and Steel 


(Tubes and iB seen 


ll, 





The Scottish ‘T Tube Co., Lid., 
XA» OPMOE: 3M, Robertson Street, Glangow. 
See Advertisement page 99, April 16. 


teeters en 





“Germ Process” Oils 


GIVING 
Greatest t Economy. 


Henry Wells Oil. Co., 


HAYMARERT, 8,W. 1. 


Retry, Zone Comping 








WHLDLESS CHAINS, Lp, Costbeidge. 


Od 2487 |" 





[['ubes and Fittings. 


G tewarts and Lords, L 4 
Glasgow and Birmingham. 


See Advertisement page 76. 8187 





9 lants (proxtpE 


for Chemical Wks., Mineral Water Mfrs., Breweries, 
one “as other ad aenos — SPARKLETTS AND GENERAL 
mton, London, N.18. —- 7895 





| Pic, Finished Cyastings| 


by eliminating machining operations. 
rite fort iiexteations to SPARKLETS AND GENERAL 
Mre. Co., Ltd., Hdmonton, London, N. 18. 1895 


AERIAL ROPEWAYS, CABLEWAYS, CRANES. 
teel (\astings. 


8181 
dis advertisement Iternate week. 
SOHN Mt HENDERSON : Cc N m2 

M easuring 


. ABERDEEN. 


M achines 





. FROM 
Stock. 
mH 
N ewall Hyxsineering (Co. 
(Proprietors, Peter Hooker, Ltd.), 
Lowpor, B, 17. 1824 





ement.—Maxted & Knott, 


Lrp., Uonsulting Oemeat Hngineers, ADVISE 
~ Cement Schemes FOR 


GENE ¥ on ent 
ENGLAND AND ROAD. ADVICE ONLY. 
Highest references. Established 1800. 


Address, BURNETT Avexur, HULL. 
Cablegrams; “‘ Energy, Hull.” 
CHANTIBRS & ATHLIERS 


A ve2stin - NJormand 


67, rue de Perrey—LB HAVRE 
(France). 


7991 








Destroyers, 


8u' 
soamea Patent Water-tube Boilers, Uoal or Ol! 
Heating. Diesel Ol) Bngines. 


R u b b er MANUFACTURERS 


Valves and Packings 





GUTTA PERCHA & RUBBER, LIMITED. 
Toronto Canada. 8510 


ai Nats (ranes. 


—_— 8143 
8. H. HEYWOOD & OO., LTD., 
REDDISH. 


J. Davis, M.I. Mech. E., 
Peart pag: om 


nes 
Bastern Road, Stratferd, BR. 15. 


M2chine Tools. 


George H. Alexander 
Machinery Lid., 


62, Broapway, 
Wesrmineter, 8.W. 1. 











OCoLESHILL STREET, 
BIRMINGHAM, 


Small Tools. 
Delivery from Stock. 





Y #trow Patent 


W ater-tube Bowers. 
YARRO’ 00., UNDERTAKE bined 
PRESSING and MAOHINT NG of the various 


of Yarrow Boilers, such as the Steam Dru ater 


Matthew ple (eo, | id 


Leverrorp Works, n. 71689 
See Full Page Advt., page 86, April 2. 


Forgings. 
Walter Gomers & Co., Ltd., 


_ HALESOWEN. 1116 


Hed. Wrightson & Co. 


LIMITED. 








See Gaepinoeanes page 88. 2402 


" ‘MPlaylor & (jhallen 


Presses. 


TAYLOR& CHALLEN, Lp., Engineers, BinmineHam 
See Full Page Advertisement, April 2. 


Railway 
G witches and 


(jr ossings. 


8186 





DaRLin@ 


R. ba Pickering & Co., Ltd., 
(EsTaBLIsHED 1864.) 

BUILDERS of RAILWAYCARRIAGES 42WAGONS, 
MAKERS of WHEHLS and AXLES of all hinds, 
RAILWAY WAGONS FOR HIRE. 

Chief wo and Offices ; 
SHAW, near GLASGOW. 


T. SUMMERSON & — LIMITED, 
mi 


London an 
3, Vicrornta STREET, WeeTmMinerer, 8.W. 


Mehine and ring 





E ° ee ° 
WORE of all Sane, undertaken for 
Manufacturers, Patentees, &c. Also repairs 

renewals. Best work moderate char 


* NEW PATENT AUT.-Rosen & Russet] 


are prepared to undertake the ———_ of arti 
at present made abroad, and will So eneee to 
from firms desiring such work execu 


ocomotive 
(ELECTRIC). 
8. H. HEYWOOD & CO., LTD., 
REDDISH. 


ee eae Ppiant 


OF ALL DESCRIPTIONS. 
FLOATING cRanne. 7 ag BUNKERING 


HAA 
Werf Gausad. HOLLAND, 
Agents: MARINE WORKS. Lzp., Friars Hover, 
39-41, New Broap Sr., LONDON, B.O, 2. 
See half-page Advert. last week and next week, 8490 


Ceninfoana 
pot, 2 ears shaw ye 


7041 
See half-page Advertisement page 98, April a. 


a 


and 
ER 
ersmith. 
Lta., 
icles 





hear 
9211 


(['raversers 
8143 
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[the Manchester Steam Users’ ; 


ASSOCIATION, 

For the prevention of Steam Boiler peoraiens oe nod 
for the ne te of pesnemy 3 ew the 2 
of Steam. ounT STREET, M 

Chief En, . EB. STROMEYER, m, M. L 0.8. 

Founded 1854 by Sim Wri114M FarRBaren. 

Certificates of Safety _ under the Factory and 
Workshops Act, 1901. ———— for Damages 
and Liabilities paid in case of Explosions. Bngines 
and Boilers inspected during construction. 8443 


[the National Foremen’s 
ASSOCIATION or Tux 
BNGINBERING AND ALLIED TRADES. 
(Registered under the e the Trade Union Act.) 








An Association specially ormed to look after the 
interests of Fi tele Supe Supervisory Capacit: 4 
All on ao. Head 

H. W. RBID $1, High “7k 
General Secretary London, W.C.1. 


A RECONSTRUCTION Gaimadamnaies. 


ngineers are Invited to 
8) ply for porttonters of the WALKER- 
wmsTo REINFORCEMENT which offers 
scientific and economic advantages over all existin 
types. The WALKER-WHSTON SYSTEM is 
by the PORT OF LONDON AUTHORITY on its 
vast schemes ef construction with highly satisfac- 
tory results. Agents wanted in severa tricts. 
TH HH WALKER-WESTON Serene, LTD., 
1, Wormwood Stree’ 
London, 4 0.2 F 940 


attersea Polytechnic, S.W.11. 


ENGINEERING DEPARTMENT. 


SPECIAL REVISION EVENING CLASSES for 
B.Sc. BXAMINATIONS in ENGINEERING 
(University of London), commencing May 3rd. 

For Frnt. 

(1) Strength of Materials and Theory of 
Structures, 
(2) Heat Engines and Theory of Machines. 

For INTERMEDIATE. 

(3) Machine Drawing and Design for Inter- 
mediate and Ist Year Final Students. 
(4) Practical Applied Mechanics. 
eo for 1 mig Lectures in (1) or (2) 10s., and 
(3) or ( 
For } ol particulars apply tothe a 








[pstitute of Industrial 
ADMINISTRATION. 


THE FIRST GENERAL MEETING 
of Prospective Members 
will be held at the 
CENTRAL HALL, WESTMINSTER 
(Committee Room B) 
ON TUBSDAY, APRIL 27th, 1920, 
at Seven o'clock. 





For invitation cards apply— 
BDWARD T. BLBOURNE, fy a 
on. 


ec. 
110, Victoria Sheet, 
8.W.1 


oe 


Qipecial “Course of 
KD” PRAOTIOAL I 
a. MANAGERS, rOReieEs, , STAFF. 
“THE ORGANIZATION 
PAYMENT BY RESULTS ” 
By Mr. J. E. Powet, formerly 
Chief Rate Fixer to Messrs. H. Beardmore & 00. »Ltd., 
Dalmuir. 
Chief Assistant Rate — Messrs. Vickers, Ltd., 


The Lectures will be given at the 
CENTRAL HALL, WESTMINSTER, 
at Seven pm. on the dates given below. 
FIRST LEOTURB—Tuunspay, AY 6th, 1920. 
THURSDAYS SYLLABUS. 
May 6th—PAYMEN! BY RBSULTS. 
Aims and Comparison of Systems. 
May 18th—PRODUCTION BSTIMATING. 
Ascertainment of Output ibilities. 
May 2th—PROCESS EFFICIENCY I. 
Initial Considerations of Worksho piantien. 
May 27th—PROCKSS BFFICIEN t. 
Cholce of Methods and Tools. 
June &rd—RATEFIXING I, 
otha of — oP Job Rates. 
June 10th— 


inginering. Machinin and Fitting, 
Sheet a=] Wor em me ric Work, &c. 
JUNE 17th—RATEFIX 


Routine of Job Sasevte A. ‘ihetr application. 
Turspay 
Jone 22nd—JOB RATE ADJUSTMENTS. 
Workers’ Complaints, Effect of Improved Methods. 


Fee for the Course— Two Guineas, 
Discussion after each Lecture, 
Tickets transferable. 
Lectures under the direction of 
MR. EDWARD T. BLBOURNE, A.M.1.Meci.B, 
110, Victoria St., Westminster, 8.W.1 
frem whom Tiekets can be obtained. F 87 


i C.E. Exams.—Over 300 





prin. See b Correspondence Conmaae: Several 
Seo. “ now prepared. 8, Speci. 
— Quantivie)e A tew open.— 


Address, 1434, 
(Sorrespondence Courses for 


B.Se., Inat a I, Mech. B., all ENGI- 


= nor naga “BKAM Courses and euler 
Subjects, 


apply toi. TREVOR W. PHILLIPS, B Fe ona 


”" 


a 88, “Goukth Tene dares, cen, Fe, 


desta O.E., I. Mech. E., B.Sc., 


coring Bramtetions. Ir. G, P, 


Offices of Bve@Inzxrine, 











| ondon ©.E.. Honours Grad., 

eek wy? MEN by PERSONAL TUITION 
for A. Inst.Mech.E., and other exams. 
NO FAILURES du 


20 years’ experience.—For 
terms, address F 913, of ENGINEERING. 


pres reel 


vn dere concrete Heligeration, 


Pract. 
University Tutors, 254, Oxford Rd., Manchester. 











TENDERS. 
AUCKLAND HARBOUR :BOARD, 
NEW ZEALAND. 





(T'enders are Invited for the 
CONSTRUCTION and SUPPLY of Five 
— ELECTRIC CAPSTANS and SPARKS for 
| Specifications ons spout of No be obtained 
_ » Guineas at the 
Office. “of the Board eae si . W. anv A. 
McARTHOR, Lap., 18-19, Silk Streets ‘Cripplegate, 
London, B.C. 2 
P — to vents Auckland by noon, on oes 
st, 1920 








COUNTY BOROUGH OF ST. HELENS. 
REFUSE DESTRUCTOR, PARR DEPOT. 
The Corporation of —- a are prepared to 


Gchemes and. Tenders for the 


ERECTION of a REFUSE DESTRUCTOR, 
together with all contingent works at the Parr 





Depot within the Borough. 
rawings, Conditions of Contract, and Specifica- 
tions with Form of Tender may be obtained at the 


office of Mr. AnrHUR W. Brapiey, M.Inst.C.E., the 
Borough Engineer, on payment of £2, which sum 
will be returned on receipt of a bona fide Tender. 
Tenders endorsed “ Tender for Refuse Destructor, 
Parr Depot,” and addressed “ Chairman of the 
Health Committee, per the Borough Engineer. 
Town Hall, St. peel "must be delivered on or 
before the 29th May n 
Corporation do = ‘bind themselves to accept 
the lowest or any ae. 
. H. ANDREW. 
Town Clerk. 
Town Hall, St. Helens 
April, 1920. F 813 


5 Peo] , 


MINISTRY OF MUNITIONS. 
BY DIRECTION OF THE DISPOSAL BOARD 
(PLant anp Macurwery SEcrTr0n). 


Ko Sale by Tender. 


Six para. STORAGE TANES, Horizontal Boiler 
Type, Siemens Martin Steel riveted plates, } in. 
thick (built to Admiralt: ——S Dimen- 
sions, 9 ft. dia,, 30 ong. Fitted with 
manholes, ventilations. “* - M. Stop Valve, 
and C.1I. Brackets and about 1650 feet 2 in. O.1. 

Oil Main—as it lies. 
Two of these Tanks are lying on the Muirtown 
— South of Muirtown Bridge, Inverness, 








= Tanks and 1650 ft. of Piping are en 
Admiralty Property near Admiralty Bridge, 
Nigg, Scotland. 
Arrangements can be made for 
obtain tenancy of the sites on whic 


urchasers to 
these instal- 


lations stand. 
Full _—— and Tender Forms ma 
obtain m application to the CONTRO BR 


Plant ‘and Machinery Seotion, Charing Cross 
Embankment Buildings, London, W.C. 2. 
Reference, Gen. 2285. 
Tenders close at Ten a.m., on 5th May next. 


—— —For —y— of ether Government 
pA ape for Sale. jus, price 3d., at all book- 

or by oe Se _ of ds., post free 

sy the United Kingdom, pa the in advance to the 
Director of Pu’ Leaden, owe of ves 
° 805 


Whitehall Place, Lo 
r aa3 ¥ 


MINISTRY OF MUNITIONS. 


BY DIRECTION OF THE DISPOSAL BOARD. 
(PLANT AND MACHINERY SECTION.) 


FOR SALE BY TENDER. 
TANKS AND CISTERNS. 


Ten are Invited for the 
following :— 
M.K. 21342.—One STEBL BOILER TANK, 28 ft. 
Pe 1 ft. dia., with two valves 
—One STEEL popes ok TANK, 28 ft, 
long by 8 ft. dia., with one va 
K.263si.—-One SEEBL BOILER. TANK, 28 ft. 
ME atin, 7 ft. 6 ia. dia., with two valves. 
—One STEEL BOILER TANK, 28 ft. 
“et ety S ft. dia,, with two valves. 

—Three one — STORAGE 
“CISTERNS. com 5 in. Stone flags, 
bolted together with oie bolts. Internal 
dimensions 6 ft. 6 ft. 7 ft. deep, lined 
with 4 in. acid ik on 

Used for Acid Sian 


Lying at BROOKE'S CHEMICALS, Lrp., 
GHTCLIFFE WORKS, Halifax. 
Same date faeens, Saturday, May 15th. 
ier Forms, etc., should be 
Pe ery to the CONTROLLER Plant and Machinery 
8423 | Section, Disposal Board, Ministry of Munitions, 





ng Cross Buildi Embankment, W.C. 2. 
Telephone — , Ext. 143. Telegrams— 
a London.” 
oTE.— lars of other Government 
Property for see Surplus, 3d. at all 
;_or by su of 28. post 
oe in the U ~ ye i funn to 
Director y of Munitions, 
Whitehall Londen, 8.W. 1. Gi6 


F 725 | Consulting Engineers, Messrs. 





REQUIRED by the Survey Department of 
in 1920-21. 

enders will be received u - cm ow! 18th, 
at the Office of Sir A. L, W K.C.M G., Queen 
Anne’s Chambers, Broadway, Westminster, 8.W.1, 

for = oad be. of— 
andary Marks, each to consist of C.I. 
Pile Foot and Head, with M.1. Head Cap 
Fe mcm by l}in. wire cable or gin. rod. 


100 Lever Bars for turning tube. 
100 Tube Keys. 
100 Keys for pile head cap. 
100 5 4 for top of cap 
Tender Forms and Blue Prints can be obtained 
from the above office. G9 


[lenders for Boundary Marks 
E 





~ OITY OF LINCOLN. 


The Lincoln Corporation s 


[['enders for the pie 
DELIVERY and ERECTION of the f lowing 
PLANT for the St. Swithin’s Power Statio 
Section I. COAL HANDLING PLANT. 

Specifications and other particulars muy be 
obtained by manufacturers on application to the 
REKCF, CARDEW 
-—* Riper, 8, Queen Anne’s Gate, Westminster, 

Coples of the Specifications can be seen at the 
Office of the City Electrical Engineer, Mr. STANLEY 
CLeeG, Brayford Lincoln. 

Tenders upon the prescribed forms must be deli- 
vered at the Town Clerk’s Office, —— —— 
not later than 11 o’clock on Monday, 24th May, 1920. 

An official receipt must be obtained for any tender 
delivered by hand. Tenders sent by post must be 
registered. 

The-eouncil do not bind themselves to accept the 
lowest or any Tender. G8 





RICHMOND MAIN SEWERAGE BOARD. 


CONTRACT FOR STORES. 


The Board are prepared to receive 


[lenders for the Supply and 


Delivery to their Works tee, the 
ending May 3ilst, 1921, of the following Srox 

Steam Coal. 

House Coal. 

Coke. 

Grey Lime. 

Buxton Lime. 

Sewage Precipitants. 

Seesineala — —— 

pecifications an rticulars may be 1 
from 10a m. to 4 p.m. at the Of ffice of Mr. Willian: 
Fairley, M.Inst.C.8., Dd Wd. to the Board, West 
Hall Road. Kew Gardens, where also Forms of 
Tenders may be obtained. 

Sealed Tenders, on the forms provided, to be 
delivered to the undersigned on or before Tuesday, 
May 11th, 1920. 

The Board do not bind themselves to accept the 
lowest or any Tender. 

J. LESLIB G. POWELL L, 
Clerk to the Board. 


Fon 
Ro Sale by Tender, the Coal 


HANDLING PLANT at Belvedere Wharf, 
Southampton. 


The Sessions House, 
Richmond, mer ig 
14th April, 1920. 





Plant Comprises :— 

Two BOILER TANKS, about 80 ft. long by 5 ft. 
se diameter. 

Two Babcock & Wilcox WATER TUBE STEAM 
BOILERS, each with 1827 gq. ft. heating surface 
and superheater 
pou. HORIZONTAL DUPLEX D. A. STEAM 

One INJECTOR and PIPE FITTINGS. 

Main Steam Pipes in Boiler House. 

COAL BUCKET, RUNNER BAR and FIXINGS, 
with | blocks and chains. 

Two STEAM GENERATING SETS, each com- 
prising Vertical Compound Engine with Cylinders 
10 in. by 17 in. by 12 in. strohe. BLECTRICAL 
GENERATOR, 110 volts, 640 amps., 230 revs., direct 
coupled on one base plate, b Mather & Platt. 

SWITCH PANKL and FITTINGS. 

HAULAGE GEAR, Comprising :— 

30 B.HP. Motor 4 Armature, Switch Panel 
and Fittings, Two Sets of Spur reducing Gear, 
Two friction Drums, Two Rope Pulleys on heavy 
a! irder framin 

SION FRAME and Gear. 

SHIP: S$ STEAM WINCH, Cylinders 8 in. by 12 in. 

stroke, Double geared with wire Hauling Rope. 


HYDRAULIC PLANT, Comprising :— 
ELECTRIC MOTOR, 2} B.HP., 110 volts, 1300 


* PH REB-THROW PUMP, with 2} in, rams, worm 
reducing Gear. 
° Z. — — on large’ base plate. 
wite 
HYDRAULIC ACCUMULATOR, 8 in. ram, with 
about 5 ft, lift and seven C.I, ring w wel. 
COAL HOIST and TIP GBA fta ‘‘~ 


oe * and 12 ton of Coal about 44 ft. high. 
fentaton. Top staging BLECTRIC oO rr oO + 
50 B. liv volts, 600 r.p.m. Reducing Gear. 


eae pte 

FLOATING "SONTOON STAGE, 100 ft. long by 
31 ft. wide, supported on 10 steel rivetted Tanks, 
each about 19 ft. long by 8 ft. by 8 ft. 


Horizontal, Vertical and Diagonal Rolled Steel | had 


Joist Framing. 

Timber Flooring. 

Corrugated Sheet Iron Walls and post. 

One spare Timber built Pontoon Tan 

Coal Conveyor, 7 ft. wide a about 1% it. effective 
length enclosed in steel casi af 

Top and Bottom Rollers, Hinged Steel 
Plates. ———_ 
framing at tall e 

KUBCTRIC MOTOR, 30 B.HP., 110 volt, 600-800 


* Reritch Gear. 

Two Countershafts, 2 ulleys and 

One 20 ton RAILWAY WAGON WEIGHING 
Oe eae with sae 32 oe long, by Polley. 


for the purchase of <3 
the items to be sent to JOHN ‘GATE mi Be. est 
End, Southampton, later than 


fross whom onde ts view may be ebtelned. 


Gear, Balance weights ms Physician 





BOROUGH OF WIMBLEDON. 
ELECTRICITY DEPARTMENT. 
STEAM GRAB CRANE 


Toners are Invited for the 
SUPPLY of a STEAM GRAB CKA 
os be obtained on lea a requirement 
a on 
TOMLINBON-L A undersigned, 
hie ectrical 
ee a Mastag Works, pee. 


Dereyinbedes s.W. 19, 
April, 1920. 


—} F 980 


ROTHERHAM CORPORATION. 
LANCASHIRE BOILERS FOR SALE. 


The above Corporation invite 


ffers for Seven Lancashire 
BOILERS, 30 ft. by 8 ft., in excellent con- 
dition of a workin, easure of 160 Ibs. 
fitted with Bennis ers. Also TWO GREER S 
ECONOMISERS in connection with same. 
Complete ae of steam and feed piping and 
valves ‘availa eif — 
i fculars can be obtained on application 
to the ENGINEER and MANAGER, Corporation 
Electricity Works, Rotherham. G 81 








APPOINTMENTS OPEN. 


MINISTRY OF LABOUR—TRAINI NG 
DEPARTMENT. 


KEIGHLEY TECHNICAL INSTITUTE, 


A pplications are Invited 
for the POST of PRINCIPAL of the 
Mechanical Engineering Training Centre, 
which is to be established in the above School 
for the purpose of training disabled men. 
The commencing end Forthe be £400 per annum. 
Details of duties and her particulars may be 
obtained from the undersi 
J is GRAHAM, 


Divisional Director of Training. 
Education Offices, 
— «(eee . G4 


HULL MUNICIPAL “TECHNICAL COLLEGE, 
Principal—T. Luxton, B.A., B.Sc. (London), 


anted at an Early Date a 
HEAD of the A DEPART. 
_ T (Mechanical, Civil and Electrical), 
ary, £500 per ——_ to be increased by annual 
we of £50 to £600 per annum. Additional 
ap will be made for Evening Classes 
schedule of duties and application forms, which 
should be returned not later thaa the 5th May, can 
be obtained on ae to the etetignes. 
é. T. RILEY, D.8c, 
Director of Education. 











Education Offices, 
Albion Street, Hull. 
19th April, 1920. 


PROPOSED TECHNICAL SCHOOL 
AT JAMSHEDPUR mR GAKORD, INDIA. 


G 3% 





pplications ar are Invited for 
the PRINCIPALSHIP of a Technical 
School to be established at Jamshedpur, India. The 
Principal will be expected to advise the governing 
body o’ the School upon the lines which it is to be 
developed. The School is intended for the training of 
opore prentices with a view to their becoming foremen in 
e Works of the Tata Iron and Steel Company and 
associated Companies in the neighbourhood. 
Salary Rs. 1500 per mensem, rising by annual 
increments of Rs. 1u0 to Rs. 2000 eement for 
five years. Four month’s leave on full pay after 
full three years’ service. | irst-class ge out 
and home at commencement of and end of service. 
The Principal will be required to commence his 
duties in India eutes October, 1920. 
Applications should be received not later than 
8th May, by the under-named, from whom further 
pak mes te can be obtained *. m.. letter only, 
a “Technical School,” to the 
MANAGING DIRKCTOR, ten Limirep, Cai 
House, 62, New Broad Street, E.C. 2. F v4 


BAST INDIAN RAILWAY COMPANY. 


THREB ASSISTANT CARRIAGE AND WAGON 
SUP. PBRINTENDENTS. 


The Directors of ™ ‘above Sere are prepared 


A pplications “by letter only, 


from duly qualified candidates for ap — 


ears of age, and 
technical educa- 





ment as Assistant Carriage and Wagon 
intendents. 

Candidates should be about 25 
must have had a good general an 
tion. Preference will be given to a Paty dye 
served eith or apprenticeship 
Carriage and Wages, workshops of a British 
Railway or Railway Carriage and Wagon Builder, 
and have also had running experience on a railway, 
but applications will also be entertained from men 
who og had a locomotive training, and sub- 
sequently some experience of Carriage and Wagon 
work, and preference will be given to men who have 

passed the Associate Membership examination of 
foe'ts =~ oy of Civil Bngineers, or who bold an 
exemptin , but in any ease, men must heve 
a hn nical education. . 

Salary: commencing at Rs. 380 and rising ¥ 

annual increments of hts ag up to the maximum © 
lendar mont 

ey fee a agreement, with first class 

free passage to In 

The selected can \idates will be required to =e a 

medical examination by the Company's Consulting 


A hemge pi 5 anied i by particulars of the 
s career in 1 order, togetber 
with copies (not s) ne testimonials and & 


medical certiticate of fitness for residence in India 


should be addressed to 
“eye 3 Cr, a ae aeday the sth of 


May, 1920. 
By order, 
8. LILLIB, 
28/30, Nicholas Lane, 
London, B.C. 4. an 
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SOME RESULTS OF SMALL FROFITS 
IN MANUFACTURING TRADES. 
By FREDERIO STRICKLAND. 

In all the various discussions on the question of 
wages, taxes and profits in the manufacturing trades 
there are several practical points which appear to 
have been largely overlooked by those taking part 
im such discussions. It seems to be assumed by 
many people that the whole of both wages and profits 
are spent by the recipients in selfish enjoyment, 
and that the only question is what proportion 
should be so spent by those who provide the brains, 
erganisation and capital on the one hand, and those 
who do the manual work on the other. Hence it 
has been taken for granted that if the profits of 
manufacturing trades were reduced by increases 
ef wages it would necessarily be a permanent 
advantage to the working classes ; or, alternatively, 
that if they were reduced by increases of taxation 
it would be a permanent advantage to the revenue. 
Three points appear to have escaped the notice of 
these people. Firstly, that we need a constantly 
imcreasing amount of capital in our industries. 
Secondly, that when profits are high a large pro- 
portion of them is saved and reinvested to extend 
industries. Thirdly, that capital is easily movable 
and will go where the best returns are to be 
ebtained. 

We want a constantly and rapidly increasing 
amount of capital in our industries for the following 
reasons: (1) Because it is the only way to provide 
for an increasing population; (2) because manu- 
facturing plant is constantly being improved and 
made more expensive, and it therefore takes more 
capital to employ each man; (3) because a large 
part of our industrial population can only be 
employed by the investment of fresh capital. As 
for the first and second of these reasons, the facts 
are fairly evident. The only way to employ an 
increasing population is. by the erection of larger 
or more numerous factories, and this obviously 
needs an increase of capital. Again, it is very 
obvious that as plant becomes more efficient and 
at the same time more complicated, it becomes 
more expensive. It also increases the output of 
each manemployed. If plenty of capital is avail- 
able this, of course, increases both the rates of 
wages and the number of people employed, for the 
cheaper production at once creates a greater de- 
mand. If no increase of capital is available, how- 
ever, each improvement will actually reduce the 
number of people employed. It is quite evident 
that the modern machine tools, for instance, are far 
more efficient than the older types, and that if we 
did not have modern machine tools we should be 
quite unable to compete with other countries which 
possess them. Itis also, as just stated, evident that, 
as the modern machine tools have got more efficient 
they have also become more expensive, and therefore 
more capital is required for each man employed. 
This is especially the case where automatic machines 
are used. For these two reasons alone, therefore, 
we must have a constantly-increasing amount of 
capital invested in our industries, or else we cannot 
keep the whole of our population employed. 

The last of the three reasons above mentioned is, 
however, quite as serious a point, and is very often 
quite ignored. If fresh capital is not put into 
industry fresh plant will not be required, and the 
various works which live by making plant will not 
get full employment. In every business there has 
to be a certain amount of money spent every year 
on the repair and renewal of the plant if the business 
is to continue. Obviously plant will not last for 
ever, and it will not last at all without a certain 
amount of repair. If the capital in the business is 
kept stationary this needful repair and renewal 
work will be done, but no more. This would give 
a certain amount of work to the concerns supplying 
and repairing such plant, but it is quite certain that 
this would not anything like keep our various 
manufacturing concerns going. 

Take the shipbuilding trade, for instance. A 
certain amount of shipping is lost at sea every year 
and a certain amount is scrapped from old age. 
With stationary capital this would be replaced. but 
nothing beyond it would be built, and this would 
mean that our shipyards would not be turning out 





more than at the outside a third of the number of 
vessels they usually do. Consequently only a third 
of the number of men would be employed. 

The same is true of the majority of our engineering 
industries. Thus if the textile industry had no fresh 
capital put into it a great proportion of the works 
which make textile machinery would have very 
little work to do. The makers of engines and boilers 
used to drive the mills would also be short of work, 
and so would the builders by whom the mills are 
built and those supplying the materials of con- 
struction. 

The machine-tool trade is certainly one which 
depends for its employment almost entirely on fresh 
capital being invested. We might go on with 
the list indefinitely, and it would be surprising to 
find what a number of trades in England are 
dependent entirely on the investment of fresh 
capital for their continued existence. In this con- 
nection it must, of course, always be remembered 
that the fact of one trade being slack makes others 
slack also. Thus if fewer ships are built less steel 
is required, and if less steel is made less coal is 
wanted, and so on. 

Further, a great deal of this works in a circle. 
The very fact of certain of the engineering trades 
being slack will mean that men are out of employ- 
ment and have less money to spend, as will also 
the various shopkeepers, &c., who serve them. 
This will in due course mean less demand for the 
various things these people want and will react on 
the engineering trades, which live to a certain 
extent on providing for their wants and amuse- 
ments, and will make them still slacker. In fact, 
the complete stoppage of the investment of fresh 
capital, or even its serious restriction, would 
cause a slackness of trade, working in a vicious 
circle, which would be far beyond any slack trade 
period we have ever had, or we may hope we ever 
actually shall have. 

Now if itis necessary to have constantly-increasing 
capital invested, where is this capital to come from ? 
This brings us to the second point, namely, that 
when considerable profits are made a great part of 
them is saved to be reinvested. There are only two 
sources from which fresh capital can come : (1) From 
abroad ; (2) from the savings out of income made 
by people in this country. With regard to the 
first source no capital will be invested in this country 
from abroad unless the return on it is greater than 
that which can be obtained abroad. Obviously, 
therefore, we shall not get any from this source 
unless profits are good, and if they are good we can 
provide the necessary capital from the savings 
out of our own profits, and so avoid our industries 
getting into the control of foreign capitalists. 
Now in practice a reduction in profits means a 
reduction in the amount saved quite out of pro- 
portion to the reduction in the profits. This is 
because when people invest money they do not 
reckon to save a certain percentage of their income 
as a rule, but to save the greater part of the balance 
after a certain percentage. 

Thus we may take the case of a limited company 
having various profits in different years. The 
tendency will be to pay a dividend which is a fair 
percentage on the capital in any case, and even to 
pay this out of accumulated profits if it is not 
earned in any one year. If, however, there is a 
very good year, the whole of the profits are usually 
not paid out in dividends, but a substantial pro- 
portion of them is saved and used to extend the 
business. This is where much of the fresh capital 
needed for the continued employment of our 
population has so far come from. Thus, if such 
a concern makes a profit equal to, say, 5 per cent. 
to 6 per cent. on its capital, the whole is usually 
paid outin dividends. If it makes an amount equal 
to, say, 15 per cent. on its capital, quite a third will 
usually be kept in the business to extend it while 
if it makes less than 5 per cent. on any one year it 
is quite likely that some of the accumulated capital 
wi'l be used to pay a dividend with. If the business 
is only making small profits there is, of course, no 
inducement to enlarge it, so all profits are paid 
out as dividends. 

Similarly, if dividends much over 5 per cent; 
are paid the recipients will, in most cases, save and 
invest a good part, and if industries are profitable 


they invest in them. If, on the other hand, they 
only receive an amount equal to what is fixed 
interest rate, most people spend practically all of it, 
or if they are of the saving sort invest in fixed interest 
securities, probably abroad. So we see that unless 
industries pay on the average substantially greater 
rates of interest than can be obtained in fixed 
interest securities, people will cease to invest 
money in them, and in this case the whole engineer- 
ing trades will only be very partially employed. If 
such a state of affairs became permanent we should 
rapidly cease to be a manufacturing country, and 
a very large part of our population would have to 
emigrate in order to get work. 

It cannot be too often emphasised that capital 
is simply saved out of income, and has been so since 
the first man made his first club. Further, that 
the greater part of the capital existing in England 
to-day has been saved in the last 100 years, very 
largely by people who started with no more than 
the ordinary working man. It is a fallacy of certain 
people that when the world was created a certain 
amount of capital was created also and given to 
some class called “ capitalists” whose descendants 
hold it now. This is, of course, utter nonsense. 
Capital consists of factories, mills, tools, mines 
railways, farms, cleared and fenced land, &c., 
hardly any of which existed even a thousand years 
ago, and by far the greater part of which has been 
accumulated in the last 100 years. Moreover, it is 
very certain that the greater part of the industrial 
capital of to-day is in the hands of people whose 
ancestors 100 years ago had little capital except 
their clothes and household furniture. 

It is, further, a very great mistake to think that 
capital is all in the hands of very few people. As 
a matter of fact the majority of large concerns 
are an aggregate of capital belonging to a great 
many people. When we hear that a company has 
made profits amounting to hundreds of thousands 
of pounds, we must remember that this sum is 
shared among a very large number of people, many 
of whom only get a few pounds each as their 
dividend. 

It is very important to remember this, and also 
to remember that if any working man thinks that 
any trade is making vast profits he can share those 
profits by investing money in it even if he has only 
a very small amount of money to invest, for com- 
panies are constantly being formed, and they 
usually have their capital in 11. shares. Itis a very 
great pity that more working men do not do this, 
though they might not find that the profits were 
quite so gigantic as they seem apt to imagine. 
It seems as if the trades unions might help this a 
great deal by some scheme for advancing money 
for working men to take up shares in companies on 
some plan which enabled them to pay for them by 
weekly instalments. 

There is another very serious point to consider, 
and that is that capital is much more easily moved 
than some people seem to realise. No doubt un- 
imaginative people think when there is talk about 
capital moving that what is meant is the pulling 
down of, let us say, a mill or factory and the re- 
building of it somewhere else. Well, even this may 
be done in some cases, though usually it would 
probably hardly be worth while. This is, however, 
not the usual way in which capital shifts. What 
actually happens is that the old plant is allowed 
to wear out and no new plant is put up. 

In every business run on sound lines a con- 
siderable amount of money is put aside for the 
repair and renewal of plant before profits are 
counted. If the business is sufficiently prosperous 
to be worth carrying on continuously this money is, 
of course, as we have already stated, spent from 
year to year in repairs and renewals. If, however, 
the business is not worth carrying on where it is, 
this money is not spent in this way, but is spent 
on putting up new plant somewhere else. 

How quickly the whole of the capital in a trade 
could be shifted in this way it is difficult to say, but 
taking ordinary engineering plant all round it 
probably requires quite 10 per cent. of its capital 
value to be expended in repairs and renewals. If 
this be so then 10 per cent. of the capital could be 
shifted each year, the same proportion of the hands 





being thrown out of work. In practice, this would 
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not often be done, as what would happen would be 
that something less than 10 per cent. of the older 
plant would be scrapped in place of being renewed 
and this would at once cause want of employment. 
Wages would then fall and the profits on the less 
obsolete plant would temporarily go up, and so it 
would be kept going a bit longer. 

That a whole trade can shift in this way, how- 
ever, is shown by the history of the Thames ship- 
building, which once was a flourishing business 
including several large firms employing quite a 
number of hands. It is now practically extinct as 
the capital has migrated to other places where the 
money can be more profitably employed. 

There is yet another point which should be very 
carefully considered by those who think that no 
industries should pay profits of any serious amount, 
and that is the effect on the brains of the country. 
We are often told, even by those who propose to 
practically tax capital out of existence, that they 
want to encourage the use of the best brains in the 
country. They omit to remark that people who 
really have brains usually earn and save a very 
considerable amount of money. In fact, the essen- 
tial object a clever man has in doing his best is 
usually to save money for himself in his old age 
and for his family after him. There is, therefore, 
no object in a clever man remaining in a country 
where it is impossible for him to get a good return 
from his money when he has saved it. 


savings out of earned income. 


in one country than in another, that is the place 
where clever men, on the whole, will go to. It 
does not matter whether the low return is due to 
the wages being to high in proportion to the pro- 
duction or to heavy income taxes. The point is 
that what is required by the class of man we are 
referring to is a good return on his savings. 

The whole question is, as we have said, well worth 
the careful study of those interested in economic 
questions, especially those interested in the welfare 
of labour. For a good many years before the 


war the tendency was for capital to be continuously | 


more and more handicapped in this country by taxa- 
tion of various forms and by restrictions of output, 
&c. The result was that more and more capital 
was being invested abroad every year. 
people favour the export of capital on the ground 
that it takes the form of manufactured goods and 
therefore gives employment at home. Ina few cases 
this may be so, but even then there seems no reason 
why it is better to make plant for export than plant 
for home use. If a man, for instance, puts up a 
cotton mill abroad, he no doubt exports a good deal 
of the machinery. If he put up the mill in this 
country, however, he would employ just as many 
people making the machinery for home use as he 
does for export, while the mill when it was built 
would employ people here in place of giving employ- 
ment abroad. The greater part of the capital 
invested abroad, however, is not in the form of 
manufactured goods. Even in the case of the 
cotton mill, for instance, the building is not 
exported ready made. Railway embankments 
, and tunnels are not exported ready made, nor are 
mines. The fact is that a great deal of the capital 
expended on the establishment of any industry 
or undertaking is spent on the spot and the rest is 
spent on plant, which is bought wherever it is 
cheapest and best. Often this has been either 
America or Germany. 

The amount of capital which was being sent abroad 
before the war every working day appears to have 
exceeded half a million. This is a very great 
amount, and if even half this had been invested in 
this country, it would have meant an enormous 
increase in employment, more manufacturing, 
greater exports or fewer imports, and a_ better 


There is no | 
difference to the saving man between taxing an | 
earned income and taxing the interest on the) 
The object of saving | 
is to get an income from the savings, and if a greater | 
income can be got out of a certain amount of capital | 


Some | 


such an enormous amount of articles and the 
exchange would not now have been so much against 
| us. 

Further, before the war we were ceasing to be a 
manufacturing nation in the sense we had been 
|50 years before, but were getting to be more and 
more a nation of traders and speculators. There is 
always plenty of opportunity for the employment of 
capital in the latter pursuits, and if it pays better 
to so deal with it than to use it for manufacturing 
this practice will increase. The practice is, how- 
ever, very unsound from the national point of view, 
and especially from that of labour. 

The matter is really essentially in the hands of 
labour. If our artizans like to make manufacturing 
profitable, plenty of capital will be provided, and 
there will be good employment all round. It is 
mainly a question of output and taxation. If, on 
the other hand, they prefer to have restrictions on 
output and heavy taxation of capital, then people 
either will not save the necessary capital for the 
maintenance of our industries, or if they do save, will 
invest their capital abroad. It is often said that 
the British capitalist is “‘ unenterprising’’ because 
he does not put his capital into English enterprises 
and develop English inventions, &c. The real 
fact is, however, that he is extremely enterprising 
and therefore puts his capital where it gives him 
the best return. 








THE DIELECTRIC CONSTANT OF GASES 
AT LOW TEMPERATURES. 

THE capacity of an electric condenser depends 
upon the medium separating the plates of the 
condenser, and the specific inductive capacity or 
| dielectric constant of an insulating material is 
defined as the ratio of the capacity of a condenser 
|immersed in that medium, to the capacity which 
the same condenser would have in air, or more 
strictly speaking, in a vacuum. The dielectric 
constants of gases differ little from unit value, so 
that air can be taken as unity. Boltzmann found, in 
1875, the following values: Air 1-000590, hydrogen 
1 -000264, CO, 1-000996, CO 1-000690. Liquids and 
solids give much higher values: Solid paraffin 
about 2, ebonite 3, various glasses 6 to 8, petroleum 
2, castor oil 4-75, ether 4-75, ethyl alcohol 26-5, 
amyl alcohol 15, water 75 at 25 deg. C. and 90 at 
| 3 deg. 

On Maxwell’s electromagnetic theory the dielec- 
tric constant is the ratio of electric strain to 
stress, and the square root of the dielectric constant 
k, ie, \/k, should numerically be equal to the 
|refractive index for long waves. That equality 
| holds with remarkable accuracy for gases even for 
| waves of the moderate length of sodium D light ; 
|in other cases extrapolations to invisible long waves 
|may have to be made. In the case of gases the k 
| Should be connected with the actual volume occupied 
| by the molecules and the mean free path of the 
| molecules, as Clausius pointed out when laying down 
the foundations of the kinetic theory of gases, and 
according to the law of Clausius-Mossotti the 


‘ k-—1 1 . . 
expression 773" >° where p is the density of the 


gas, should be a constant. That this ratio is 
constant in the case of air for pressures up to 
340 atmospheres was proved by Occhialini and 
Bodareu (Pisa) in 1912 ; their mean value for k was 
1-000585, very much like that of Boltzmann. But 
recent experiments on the change of k with tempera- 
ture—the ratio became smaller as the temperature 
rises—did not seem to accord with the Clausius- 
Mossotti law, even on the H. A. Lorentz conception 
of a dielectric. 

According to this view dielectrics contain elec- 
trons like conductors; but the electrons are 
not free to move; they are held by quasi-elastic 
forces and can only be shifted from their rest- 
{pesiiene by electrostatic forces. To get over the 
temperature difficulty Debye suggested some years 








revenue without extra taxation. It would have | ago that there were in a dielectric, in addition to the 
provided employment for many men who, as things | displaceable electrons, dipoles already formed (not 
were emigrated. Had investment in this country | only formed by placing the dielectric in an electric 
been encouraged for some years before the war, we | field), and this suggestion was tested by Boguslawski, 
should have started the war with far greater resources | by Czukor, and—last year—by Jona (Physikalische 
than we had and it would therefore have been easier | Zeitschrift, January, 1919). The most recent 
to win it, while we should not have had to import jempetiments were made by Hans Riegger in Danzig, 


a 


but had to be given up under present condition. 
(Annalen der Physik, vol. lix, pages 753 to 760 
The capacity measurements of Riegger are mad 

by the method of Mandelstam. There are tw 
loosely-coupled oscillating circuits I and IL; [ i 

excited by quenched sparks ; the oscillations act on 
II, the circuit of which comprises three condensers 
the first for taking determinations by means of : 
dynamometer, the other two for tuning. The plates 
of the first condenser are placed within a seale: 
vessel which is first evacuated, and the capacity o! 
the condenser is thus determined in vacuo. Th: 
vessel is then filled with the gas in question and the 
capacity is redetermined. The whole vessel is 
lowered into a large Dewar flask. The gases 
experimented with were air at a temperature oi 
— 185-5 deg. C., hydrogen at — 191 deg», methane 
at — 154 deg., carbon dioxide at —72 deg., and 
carbon monoxide at — 189 deg. Observations taken 
at pressures of 200 mm., 400 mm., 600 mm. and 
760 mm. of mercury respectively gave, in the case 
of air, the following values for k ~1: 0-000502. 
0-001002, 0-001472, 0-001887. No irregularity was 
observed at these low temperatures and various 
pressures except in the case of carbon monoxide ; 
in the case of the other gases the experiments did 
not confirm Debye’s assumption of the existence 
of dipoles. 





STUDY OF FLIGHT VORTICES. 
By F. W. Catpwett and E. N. Fatzs. 
(Concluded from page 504.) 

Principles of the Writers’ Method of Visualising Air 
Flow.—In the tunnel previously described it is seen 
that certain novel characteristics obtain not here- 
tofore usual in similar apparatus. The writers’ 
method of visualising air flow utilises certain of 
these novel characteristics. It depends upon the 
fact that the moisture in the air condenses out as fog 
when the temperature is reduced to the dew-point, 
provided there is a solid or liquid nucleus to start 


Fig.10. TEMPERATURE AT THROAT OF 
AIR FLOW IN WIND TUNNEL, MEASURED 
TWO INCHES FROM AXIS. 
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(6186.0 PressureDrop,Inches of Mercury. 
the condensation. In the McCook-Field wind 
tunnel the temperature drop is brought about 
through adiabatic expansion of the air during 
acceleration due to 100 in. of water suction. 
Relative humidity of the atmosphere can be artifi- 
cially raised, if too low, by means of water or steam. 
The necessary nucleus for condensation is provided 
by the model itself. 

The temperature of the air passing through the 
throat is calculated on the assumption that expan- 
sion is adiabatic from atmospheric pressure to pres- 
sure corresponding to condensation, and is poly- 
tropic below the latter pressure.* Correct knowledge 
of throat temperature is, of course, essential and 
it is necessary to develop a special method of ther- 
mometry for reading it. Present methods are in- 
applicable to its direct measurement, for a thermo- 
meter introduced into the airstream occasions 
more or less adiabatic compression of the air striking 
it, with consequent rise of temperature at the point 
of impact. (See chart, Fig. 10.) The most advan- 
tageous position for the thermometer is with the 
bulb down-stream, where it is subject chiefly to 





* For an excellent paper by Dr. Otto Neuhoff, on the 
“‘ Adiabatic Changes of Condition of Moist Air and their 
Determination by Numerical and Graphical Methods, 
see “Smithsonian Miscellaneous Collections,” vol. li, 
No. 4, 1910. 
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skin friction rather than impact ; further investi- 
gations are being made of the matter. 
Flight vortices become readily visible by this 


method and can be photographed with the aid of a | the tunnel like wooden mouldings; the axes of 
searchlight. Fig. 12 is an enlargement of a moving | . 


picture film looking down-stream. It is inferior 
to visual observation, since the vortices seem to be 
below the model, due to perspective. To the naked 
eye they are in line with the wing tips, and are 
clean-cut, perfect circles. They extend down- 
stream a distance of several dozen chord lengths 
from the rear corner of each wing tip, enlarging 





Fie. 11. VirEw LOOKING DOWNSTREAM ALONG 
Tounnet Axis. Note TENDENCY TOWARD 
Murorne or DisTURBANCES DUE TO CENTRE 
Support AND TUNNEL WALLS. 


Ky Absolute 


their diameter as the distance increases. The shape, 
size, and direction can be noted, but the periodic 
run is so rapid that it requires stroboscopic analysis. 
For corroboration of the phenomenon at slow 
speeds, smoke lines are useful, a special apparatus 
for the purpose having been developed. The 
observed vortices differ for different aerofoil set-ups. 
Visualisation of Unobstructed Air Flow.—When 
the model is removed the vortices and eddies of 
flow through the unobstructed throat may be 
observed. The condensation is more pronounced 
behind the impact tube and thermometer bulb than 
elsewhere, since these are obstacles to the flow, 
and therefore constitute nuclei for condensation. A 
projecting cotter-pin, % in. high, at the wall, causes 
a perfect vortex, not visible in the illustration, which 
shows up against the white foggy background as a 
black circle. Figs. 11 and 12 show the tunnel flow 
partially, at the upper part of the circumference. 
The general appearance of the air flow, which 
may be considered typical of all air flow, is as 
follows: a cross-section at the throat shows a 
seething mass of fog spectres, denser at the walls 
than at the centre, though occasionally the entire 
dise fills up with fog to the point of opaqueness. 
The spectres have, in the cross-sectional plane, a 
gentle movement like the flame of an alcohol stove, 
showing the constant readjustment of equilibrium. 





| after moving about, lose themselves in the general 
| confusion. In a diagonal view they have the 
appearance of long foggy fibres, stretching down 


whirl are, of course, parallel to the tunnel axis. 
Under proper humidity and lighting conditions the 
whole become a beautiful iridescent sight, violet 
and purple hue predominating. 

Use of the Writers’ Method Jointly with Balance 
Readings for Analysis of Aerodynamic Flight.— 
Three charts of lift coefficients, Figs. 13, 14 and 15, 
are included in this article for the purpose of 


Fie. 12. Part or THE DISTURBANCE 
DUE TO WIND TUNNEL WALLS IS SHOWN 
at Upper Part or CIRCUMFERENCE. 





certain velocities were reached, the critical speed 
coming earlier for larger spheres. (“Comptes 
Rendus de l’Académie des Sciences,” du 30 
Décembre, 1912.) Maurain verified the results 
(“ Bulletin de I’Institut ue de I’Uni- 
versité de Paris,” Fasc. IV, 1913). Tests had 
previously been made by Costanzi in a water basin 
(“ Rendi Conti, Stabilimento di Esperienzi e Con- 
struzioni Aeronautiche del Genio,” Anno II, No. 4, 
October 31, 1912). His results, though not con- 
clusive, were significant in comparison with those 
of Eiffel and Maurain, after account had been 
taken of the difference in kinematic viscosity of air 
and water. C. Wieselberger corroborated the 
discontinuity of air flow past a sphere, but found a 
higher critical value of “ than did Eiffel and 
Maurain (“‘ Zeitschrift fiir Fi and Motor- 
luftschiffahrt,” May 16, 1914). Prandtl explained 
the discrepancy in terms of turbulence in the 
boundary layer of air flowing past the sphere. He 
showed that the honeycomb in Eiffel’s tunnel was 
capable of producing such turbulence. (‘‘ Nach- 
richten der Kéniglichen Gesellschaft der Wissen- 
schaften Yer Gittingen Math-Physicalische Klasse,” 
1914.) 

As regards aerofoils, Mr. Orville Wright showed 
the effect of this sort of discontinuity within the 
range of practical flight. O. Féppl had early shown 
the effect in a plate at angles of incidence from 
38 deg. to 40 deg. (“‘ Jahrbuch der Motorluftechiff 
Studiengesellschaft,” vol. iv, 1910-11). His results 
were, however, outside the range of flight angles. 
Mr. Wright conducted, in 1918, a particularly 
interesting series of experiments, the results of which 
have, unfortunately, not been published, wherein 
new discoveries were brought out regarding dis- 
continuity of flow about propeller sections. He 
found that, at certain thick sections mani- 
fested a dual value of the coefficients, the angle at 
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identifying various flow regimes with changes in K,. 
It may be well to give a brief outline here of former 
experiments bearing on discontinuity of flow about 
bodies in a stream of moving air. Numerous 
experiments have been made with models of sym- 
metrical shapes, and less extensive researches have 
been carried out with aerofoils. O. Féppl, and also 
Melville Jones, made tests on the air resistance of 
cylindrical wires, and found the resistance coefficient 


decreased at high values of v*. Féppl’s work 
suggested the existence of discontinuity, such that 
his values of R plotted against uae could not be 


drawn as continuous curves. 
In testing the air resistance of spheres, G. Eiffel 
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showed a decided discontinuity to exist when 
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which discontinuity occurred depending on whether 
the angle was increasing or decreasing at the time 
when the readings were taken. Throughout the 
range of instability, the high lift value always 
corresponded to a low drift value, and vice versa. 
It was possible to make the values change back 
and forth between the two points at will by dis- 
turbing the air current. Using smoke lines as well 
as fine silk threads, Mr. Wright demonstrated that 
the transition was accompanied by a distinct change 
of flow. He had previously, in 1913, observed an 
analagous behaviour of hydroplanes in water. 

The writers have been able to verify conclusively 
the change of flow about aerofoils brought to their 
attention by Mr. Wright and to make visible the 
change from one vortex formation to another of a 
distinctly different type. In these experiments, 
wherever discontinuity has been encountered it has 
always been found that the drag and lift became 
discontinuous simultaneously, and that the high 
value of lift always coincided with the low value of 
drag, and the low value of lift always coincided 
with the high value of drag. 

Existence of Two Critical Speeds for Aerofoils.— 
One of the novel and significant features of the 
experiments has been the discovery of a second 
critical speed for aerofoils, as well as a first critical 
speed analagous to that obtaining in the case of 
geometrical shapes (Fig. 15). Early in the course 
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STUDY OF FLIGHT VORTICES. 





Fie. 16. Hicu-Lirr Vorrex on THE 
RIGHT. 





Fie. 19. SHowrne on THE RiGut an INTER- 
MEDIATE Type or Firow. AT THs STaGE 
THE Frow S#HIFTs BACK AND FORTH TOO 
QUICKLY FoR THE Eyz To FoLLow. 


of the experiments the authors set out to visualise 
the changes in flow corresponding to the changes 
in lift and drag coefficients at points of discon- 
tinuity. t was possible to observe very clearly the 
changes in flow occurring at the point of discon- 
tinuity corresponding to the second critical speed, 
and the nature of the change is described below. At 
the first critical speed where discontinuity occurs 
the authors were limited to smoke and powder 
methods of making observations, and their efforts 
to photograph the vortex formations at the lower 
speeds were therefore unsuccessful. The discon- 
tinuity resulting from speed and angle changes 
was manifest in all the aerofoils tested. The 
models covered a range of thickness varying from 
a camber ratio of 8 in 100 to 20 in 100. Discon- 
tinuity was not found in the thinnest sections when 
set at the smaller positive angles. It is thought, 
however, that it would be so found if the speed 
were sufficiently increased. 

The effect on coefficients produced by the change 
in flow is enormous, as may be seen by reference to 
Figs. 13, 14 and 15, showing the lift coefficient as 
a function of the velocity. Fig. 15 shows the two 
critical speeds, Fig. 14 shows the low regime of lift. 
The character of the general vortex phenomena 
accompanying the Ky drop at the second critical 
speed undergoes a remarkable change. The pkoto- 
graphs Figs. 16 to 21 were made with a moving- 
picture camera in an attempt to record the two 
of flow, and should be compared with Figs. 13 to 15. 





Fig. 16 shows a high-lift vortex at the right-hand 





Fie. 17. Hicuer Speep tHan Fria. 16. 
On THE Lert THE VORTEX IS APPROACH- 
ING THE UNSTABLE STATE. 


Fie. 20. Fiow at tae Ricgut Is at 
TRANSITION STAGE. 


Fig.22.HIGH LIFT REGIME. 
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half-span ; Fig. 19 shows a low-lift vortex at the left. 
The photographs turned out to be inferior to eye 
observations, however, and are supplemented with a 
brief verbal description. In the high-lift regime 
the general shape of the fog-spectre, seen from the 
mouth of the wind tunnel, is like a trough whose 
floor (edge vortex sheet) slopes downward from the 
trailing edge, and whose walls (tip vortices) are 
increasingly high as the distance down-stream 
increases. The cross-section is roughly like a 
shallow letter “‘U.” At higher speeds, however, 
the low-lift regime prevails, and the observed 
phenomenon is suddenly altered. Following out the 
above homely analogy, we may imagine that the 
walls of the trough remain substantially as before ; 
the floor, however, splits longitudinally and curls 
upward, extending the two limbs, now free, to a 
point well above the tip vortices. Figs. 22 and 23 








Fie. 18. FurtHer DEVELOPMENT IN THE 


TRaNnsITION FROM Hien to Low Lirt 
REGIE, 





Fig. 21. View Looxinc DOWNSTREAM 
FROM ABOVE. THE FLow IS SIMILAR 
TO THAT SHOWN IN Fia. 17. 
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Fig.24..SHIFT OF THE ANGLE OF NO LIFT. 
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are sketches intended to represent the respective 
shapes, as they stand out when viewed with the 





eye. The transition from high-lift to intermediate 
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type of flow is shown best at the right tip in Figs. 
16 to 20. Fig. 21 is a diagonal view of the unstable 
condition of Fig. 17. 

An interesting variation of the flight vortex is 
furnished by replacing the aerofoil with a flat disc 
normal to the wind. Here the fog surface is formed 
as a streamline converging toward a point half a 
dozen chord lengths down stream. 

Application of these Results to Propeller Problems. 
—When the critical speed at which the change in 
flow takes place is reached, there is, in some cases, 
a violent chattering of the model and support and 
the nature of the vibrations readily suggests a 
connection -with the fluttering sometimes observed 
in propellers. The speed encountered is equal to 
the tip speed of slow-speed propellers, but is con- 
siderably inferior to the tip speed of the very large 
fast-turning propellers used on the Liberty engine. 
Many static tests carried out by the writers on 
propellers have shown an effect which appears to be 
related to the discoveries made during the series 
of aerofoil experiments. It is well known that the 
ratio of propeller thrust to propeller torque must be 
independent of speed of revolution if both thrust and 
torque are proportional to the square of the revolu- 
tions. It has been found in practice, however, 
that the ratio of thrust to torque decreases greatly 
with revolution speed when high tip speeds are 
reached, and that it sometimes shows a rapid 
decrease accompanied by violent fluttering. The 
analogy to the results of the aerofoil tests is obvious, 
and it is felt that considerable study is desirable in 
order to connect these facts in a rational manner. 
We have found by practical experience that, if we do 
not go below a value of V/N D of 0-65, we get a very 
fair propeller efficiency. As we have gradually 
increased the speed of our planes we have gone on 
increasing the revolutions per minute of the engine 
and the diameter of our propellers, so that the value 
of V/N D has remained about the same for the great 
majority of propellers in actual service. 

The authors bave always assumed that there was 
no limit to this development, apart from the 
characteristics of the plane and engine; that is, 
the assumption has been made that the propeller 
speed could be doubled as soon as it was possible 
to double the plane speed and strengthen the engine 
enough to stand the stresses involved. It now 
appears, however, as though there is a limit to 
propeller speed apart from the value of V/N D or, 
to use more familiar terms, apart from pitch ratio. 
Unfortunately, even the speed obtainable in the 
McCook-Field wind tunnel is not great enough to 
measure the limiting velocity for relatively thin sec- 
tions when set at low angles, consequently the authors 
are only able to infer that it exists for thin sections 
from extrapolation of the curve of critical speeds. 

Regarding the significance of these results to the 
propeller designer, attention is called to the shift 
of the no-lift angle with velocity change. This fact 
has not heretofore been demonstrated, and is not 
well-known among engineers. Fig. 24 shows this 
shift for a section of 0-2 camber. All the sections 
tested showed the shift to a less degree. It is to be 
noted that a section which, at low speed and negative 
angle, shows negative lift, may at high speed exert 
a positive lift at an angle as low as minus 20 deg. 
During an increase of velocity the angular position 
of the resultant force vector changes from the 


a of negative lift to the quadrant of positive 
ift. 
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Telephony without Wires. By Pamir R. Coursey, 
B.Sc.(Eng.), A.M.ILE.E. London: The Wireless Press, 
Limited. Henrietta-street, Strand, W.C. 2. [Price 
15. net.] 

Tae improvement in wireless telegraphy and 

telephony, the achievement of the past and the hopes 
of the future, are subjects in which the general public 
is very closely interested, and the books in which 
experts explain the mechanism that has successfully 
surmounted the difficulties of yesterday, or indicate 
the Prospects for to-morrow, will be readily 
acclaimed. The degree of curiosity to be satisfied 
will vary greatly and therefore a similar variety 
will characterise the information supplied. In 
this work, the author has considered, technically, the 





art of transmitting intelligence electrically, and he 
shows how the work of the scientist and the electrical 
engineer, by following definitely recognised principles 
has resulted in improving the mechanism t 
when established on a commercial basis, ministers 
so greatly to the needs of the public. He does not 
convey or conceal his information in the abstruse 
symbols in which mathematicians revel, nor is he 
writing for beginners, who have not learnt the 
language, or the conventions of the electrician. 
Herein he is justified, no one ought to begin the 
study of electrical phenomena by endeavouring 
to master the principles that have guided its latest 
development. 

In addressing students who are familiar with 
electrical practice, Mr. Coursey is able to dispense 
with those chapters on rudimentary principles, 
which are to be found in every elementary text- 
book on the subject, but are a wearisome surplusage 
to many. In their place is substituted a welcome 
historical account of the early attempts to transmit 
intelligence by conduction and induction, methods 
as employed by Preece and others, and which still 
find occasional practical application in mini 
operations, where, owing to the absence of high 
voltages, sparks, &c., greater safety is promoted in 
dangerous localities. Photophones and thermo- 
phones that utilised radiant light and heat as the 
transmitting medium seemed to offer a prospect of 
success, and considerable ingenuity was shown in 
devising a suitable form of apparatus, but the range 
of communication was necessarily so limited that 
however interesting scientifically, it failed to attract 
commercial enterprise, and many instances prove 
that while theory or a priori considerations suggest 
a possible line of advance, the physical and 
mechanical developments necessary for success have 
followed as a direct result of commercial or traffic 
operations. When the range of transmission is 
limited to a few hundred yards, there is little to 
attract capital or excite imagination. The selenium 
cell has perhaps not received the attention ite 
sensitiveness deserved. It might have been used 
for other purposes than transmitting sound, for 
it has the power not only of detecting very feeble 
illumination, but will give indications of minute 
changes in a sensible illumination, features that 
make it the most sensitive photometer in use. 

As soon as Morse signals were received aurally by 
wireless telegraphy, a hope was entertained that the 
transmission of articulate speech by electro- 
magnetic waves might be accomplished, making 
commercial radiotelephony feasible. It was recog- 
nised, however, that though wireless telegraphy and 
radiotelephony would involve the same medium 
of transmission, the problems presented were by no 
means identical. The reasons for this difference 
and the direction in which these problems would 
have to be solved are adequately explained. The 
necessity and the difficulty of increasing the spark 
frequency should be clearly apprehended from the 
explanation supplied. The spark gap, which was 
much in vogue in the early yeare of this century 
is an ineffective apparatus for the of 
telephony, mainly for the reason that a frequency 
greater than about 1,000 per second is unattainable 
in the open spark. Many were the attempts to 
produce better results, and a full description is 
given of the more important varieties that have 
been distinguished for ingenuity or the introduction 
of some novel principle. 

Following an historical development, the possi- 
bilities of the quenched spark gap come under 
review, and the degree of success that has attended 
generic variations in design is demonstrated. The 
object sought was to substitute for the intermittent 
groups of rapidly-decadent waves, a succession of 
continuous electromagnetic waves. Success was 
apparently within reach, especially in small-scale 
apparatus, but with heavy currents required for 
long-distance transmission, progress was not 80 
marked. A great step in advance was made when 
the Poulson are generator came into operation, and 
the ‘influence of hydrogen or coal-gas in increasing 
the steepness of the volt-ampere curve was fully 
recognised. Then frequencies of the order of 
250,000 were attained, and the solution of the 
commercial problem seemed in sight. This dis- 
covery constituted a critical point in the history 


mining | microphone diaphragm 





of the development and might have been 

more saliently. The importance of the innovation 
is diminished by the prominence given to many 
forms of arc oscillation generator, of which the 
Poulsen apparatus constitutes the original ‘ype. 

The description of the Edison effect in glow 
due to the im ot b ouineak Welw Wak pede 
terminal of the filament and a metal plate sealed in 
the bulb, serves to introduce the class of vacuum 
oscillation generators, whose various forme are all 
traceable to the original Fleming valve detector, 
as costly lawsuits have satisfactorily determined. 
Its distinguishing characteristic is the unidirectional 
flow of electricity from an incandescent filament to a 
surrounding metal cylinder within the bulb, when 
this cylinder is at a higher potential than the fila- 
ment. If a perforated plate or wire grid is placed 
between the filament and the metal plate, we have 
the general design of the audion and in this form 
is best adapted for the generation of electric oscilla- 
tions. The action of the generator is analogous to 
that of the humming telephone, which emits a 
musical note when feeble vibrations set up in the 
the current 
the telephone receiver, and the sound emitted keeps 
the transmitter diaphragm in motion. The author 
devotes many pages to the description of various 
forms of vacuum generators in use, but the near 
future will see many more adapted or invented. 
War experience has demonstrated that the use of 
the general principle will be widely extended, 

In whatever way more or less continuous electric 
waves are radiated from the transmitting station, 
we are still far from conveying articulate speech. 
It remains to explain how this frequency energy can 
be modulated in accordance with speech waves, and 
be made available for receiving the spoken word at 
the other end, This problem has become increas- 
ingly difficult of solution with the development of the 
modern high power oscillation generators, which 
apparently are necessary for communication over 
long distances. Fortunately, as the author shows, 
the required control and modulation are propor- 
tionately less difficult than in the old spark-gap 
method, where far less energy was employed. The 
governing principle is simple enough, but the details 
are sufficiently puzzling, though the author's 
illustrations and notation assist the text very 
materially. It is evident that the movement of a 
diaphragm of some form of carbon microphone, 
inserted in the aerial circuit, will vary the amplitude 
of the radiated continuous waves, and if the dia- 
phragm is moved by speech waves the amplitude will 
be altered in accordance with the wave form of the 
speaker’s voice. The proposition can be stated 
simply, but in practice the difficulties are many. 
For long-distance speaking the continuous wave 
radiation represents 100 h.p. or more. The varia- 
tion of amplitude must effected through a 
microphone which passes perhaps 10 amperes. 
There is very great dissipation of energy and the 
overall efficiency of the station will be low. Much 
of the energy disappears in heat, and this leads to 
the introduction of water-cooled micro liquid 
microphones and a host of devices. To overcome 
each difficulty, not one, but many remedies are 
suggested, though these may not differ generically. 
The author has described many designs and illus- 
trated various types of microphones, but he has 
probably not exhausted the schemes that have been 
put forward as promising success. Any one of these 
may be superseded by the discovery of to-morrow, 
for the problem has attracted a large number of 
investigators and the reward of a successful solution 
will be large. Mr. Coursey’s summary is valuable. 
The influence of successive increments to the 
accumulated experience is clearly detailed and 
cannot but be informative, but when he reviews the 
whole effect of what has been achieved in the control 
of this radiated energy it is impossible to mistake 
a note of disappointment. He contends that the 
problem of microphonic control of large amounts of 
high-frequency energy has been attacked in an 

ic manner, “with very few really 
quantitative determinations of the utility, efficiency, 
or other factors connected with the instruments 
and their field of usefulness and limitations,” 

The final step in the achievement of wireless 
telephony is to render the speech audible at the 
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receiving station. The whole battery of apparatus 
used in wireless telegraphy is at the command 
of the operator and is fairly familiar. Crystals and 
electrolytic detectors are giving way to valves, 
audions, and the heterodyne receiver. Some form 
of valve type is likely to be generally employed, and, 
indeed, in long-distance experiments in radio- 
telephony, the pre-eminence of such apparatus is 
assured. The object to be effected is to rectify the 
continuous high-frequency oscillations in the re- 
ceiving current, in such a way that the variations in 
amplitude impressed by the microphone in the 
transmitter circuit, should reappear in the rectified 
current passing through the telephone, making the 
sounds of the voice addressed to the transmitting 
microphone audible. The heterodyne valve re- 
ceiver, producing “beats” between two sets of 
oscillations of slightly different frequencies, has 
commendable features and many supporters, who 
delight to vary its form while retaining its principle, 
the number of possible circuit arrangements being 
practically unlimited. Not amplification, but 
simplicity is needed, however, and this quality at 
present seems best assured in the Fleming valve 
or thermionic detector. 

It is not unimportant to inquire what is the 
immediate field of usefulness for long-distance 
wireless telephony. The imagination is, of course, 
excited by the successful transmission of speech 
from New York to San Francisco, or from Arlington 
to Paris, and the accomplishment of impossible 
feats is confidently predicted. But at present such 
experiments, however successful, have little com- 
mercial value. For overland work, there is little 
field for competition with the old established and 
more private wire telephone, unless ite installation 
should prove cheaper and its maintenance less than 
the heavy charges involved in the expensive 
apparatus used in long-distance lines. Through 
tropical jungles and unoccupied territory radio- 
telephony may prove a valuable asset, and where 
the maintenance of a wire is troublesome wireless 
will find its opportunity, but long distance trans- 
mission would scarcely be necessary in such a case. 
Aircraft will probably command its use as a luxury, 
as passengers on liners utilise wireless telegraphy, 
but the superiority of speech over the Morse code 
in such cases is not very pronounced. A more 
hopeful outlook arises in competition with sub- 
marine cables, for, as at present constructed, speech 
transmission over these is quite impossible for long 
distances. Wireless transmission of speech may 
suffer from attenuation with distance, but not from 
distortion, and in this respect is at a great advantage 
over cablework. On the other hand, land lines, 
when available, can be used for speech in both 
directions with equal ease. Changing over from 
speaking to receiving offers no difficulty, but in 
wireless this change is troublesome, and no successful 
duplexing of the wireless gear under all circum- 
stances has yet been satisfactorily effected. 
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Land Drai apm Field to Sea, By C.H. J. Ctayton, 
M.S.E., A.M.I.Mech.E., Chief Drainage Engineer to the 
Board of Agriculture and Fisheries, with a Preface 
by the Right Hon. Sir Arnwyn Fetiowses, K.C.V.O., 

.B.E., Past-President of the Board of Agriculture 
and Fisheries, London: Offices of Country Life. 
(Price 6s. net.) 
NEGLECTED drainage resulting in the increase of 
waterlogged and unproductive lands, impairing the 
quality of the soil and consequently entailing 
diminished crops, is one of the insidious causes of 
impoverishment that has been too long overlooked 
by the statesman and disregarded by the economist. 
If a fire had swept through the country destroying 
every farm-house in its path, the loss to the entire 
community would not have been greater than that 
which has actually resulted from the preventible 
damage due to failure to provide and maintain an 
efficient drainage system. The spectacular view of 

a burning barn rivets attention upon a definite and 

sudden loss, but the picturesque sight of a stream 

choked with a cheerful abundance of weeds and 
the flow of water delayed by every variety of 
vegetation, arouses no thought or regret of the 
economic loss of which its stagnant waters may be 
the cause. 

Will Mr. Clayton’s book arouse us to a keener 
sense of fitness and make us see in a proper light the 





consequences of a carelessness, or in some instances 
it may be of a selfishness, that has reduced the 
fertility of many acres of valuable land and made 
us not only more dependent on foreign assistance, 
but by long custom, more willing to lean on that frail 
support? On various grounds he is in a position 
to speak with authority. He was secretary of a 
Departmental Commission appointed in 1913 to 
investigate the causes of recurrent floods, and 
subsequently, when under the Defence of the Realm 
Regulations, steps were taken to bring mare land 
under cultivation, Mr. Clayton reported on some 
200 cases in 32 counties in which it was thought 
that immediate works might be carried out under 
the emergency powers conferred under the Act. 
His experience is therefore wide. He has not only 
seen the land, but heard the comments of those who 
cultivate it, and his deliberate opinion is not lightly 
to be set aside. His book is written as much as a 
warning asa guide. He does not propose to instruct 
the experienced hydraulic enginer, but he does hope 
that the information supplied will be of use to 
officers and members of Drainage Boards, Com- 
missions of Sewers, County Drainage Committees, 
agents and agriculturists generally, enabling them to 
understand better the systems and to appreciate the 
need for efficiency in the mechanism they control 
or with which they are concerned. In these days, 
land is changing hands rapidly, a new set of pro- 
prietors is taking the place of the old-established 
county families, and this change promises to bring 
more enterprise in schemes designed to improve 
the value of newly-acquired property. It is to this 
class that the book should prove of the greatest use, 
written as it is in an untechnical manner, but in 
such a way as to stimulate effort and to make 
owners appreciate the need of adopting measures 
that will restore fertility to exhausted and derelict 
land. 

Few dwellers in cities can know the lengths to 
which neglect of precautions had imperilled the 
productiveness of the soil. The difficulties that 
farmers had to encounter in endeavouring to bring a 
larger area under the plough in order to increase food 
production were not appreciated at the time, and 
probably have been forgotten since. But Mr. 
Clayton states that the view of farmers was 
unanimous in insisting on the necessity of freeing 
their farms of surplus water, if the full quota of 
land scheduled for corn production was to be brought 
under cultivation. Much of the land was water- 
logged or the saturation of level was within about 
18 in. of the surface. Grass might grow under 
such conditions, but the fertility of the land for food 
producing purposes was practically destroyed, since 
deep-rooting plants cannot possibly thrive on a soil, 
the interstices of which are filled with water. The 
removal of excess water was a problem of no common 
difficulty, and explains many of the objections that 
were raised to breaking up grass land. If any other 
evidence were needed it is supplied by Sir Ailwyn 
Fellowes who, writing with the authority of an 
ex-President of the Board of Agriculture, states that 
the Executive Committee appointed to take the 
necessary measures to increase food production 
“‘ were compelled by their local knowledge, and as a 
result of the surveys they conducted, to report that 
large acreages were unable to make their proper 
contribution to the food supply of the country, 
because they were saturated or liable to floods.” 

It is not uninstructive to examine the causes 
that have led to the deterioration of the drainage 
arteries in the past or restricted new construction 
in recent times. The first and main cause is 
traceable to the want of co-ordination among the 
controlling authorities, often created to serve 
private ends, and exercising jurisdiction over very 
limited areas. Such minute subdivision entailed 
all the evils of divided responsibility, and provoked 
all the obstacles that conflicting interests could 
raise. In more modern times, agriculture has been 
regarded as a decadent industry, overwhelmed by 
the ever-increasing demands of manufacturing 
interests, and the preservation of cultivable land 
has not been considered a valuable national asset. 
Local and contracted views adopted by a close 
association of landlords and agents could not but 
be prejudicial to large schemes, whose operations 
to be beneficial must extend to the sea. A method 





of drainage that passed the excess of water to 
neighbouring lands, simply and selfishly transferring 
the burden from a higher to a lower level within a 
limited area, must be universally condemned. But 
those who had charge of the upper reaches of rivers 
cared little for the inconvenience they occasioned 
elsewhere, and more disinterested views could be 
expected only by enlarging the area of control. 
The House of Lords, more than forty years ago, were 
fully alive to the evil, and suggested as a remedy 
for the neglected state of several important streams 
and the maintenance of good conditions in others, 
that each catchment area should be placed under a 
single body of conservators, who should be respon- 
sible for maintaining the river from its source to its 
outfall in an efficient state. This was a counsel of 
perfection, because each stream supported numerous 
committees, each regarding its policy as irreproach- 
able and its work as indispensable. The active 
committees appointed to promote public health, 
to encourage navigation, to improve land drainage, 
to advance power schemes and further other objects 
of public utility, could not but view with disapproval 
the advent of superior powers, that might supersede 
their authority or question their administration. 
Sir A. Fellowes quotes as an instance the River Ouse 
having a catchment area of about 1,750,000 acres, 
in which area the governing authorities number 
nearly 100, “‘and even then only about half the 
river and three-fifths of the floodable or water- 
logged land is covered.” 

Conditions have not improved since the Select 
Committee of the House of Lords on the Conservancy 
of Rivers issued its report. The care of the water- 
way has often been separated from the care of the 
banks. Dredging and embanking have often been 
under different authorities, effectively preventing 
improvement of the channel by mechanical means, 
which can only be effectively achieved by a single 
authority having complete control of the banks and 
forelands, as well as of the channel throughout the 
improvable length. To the local circumstances 
tending to deterioration we have to add the wider 
causes, due to the altered condition of trade and 
the general policy the country has pursued since the 
repeal of the Corn Laws. - The decay of canals and of 
inland navigation has contributed its share in 
blocking the fairway of our streams, the substitu- 
tion of steam for water mills has led to the neglect 
of mill sluices, weirs and spillways, the strain thrown 
upon channels and banks in times of flood and from 
under drainage have all tended to reduce an incom- 
plete and chaotic system to one of complete 
inutility. Naturally, therefore, when an outcry 
was raised for increased food production, implying 
a return, or partial return, to earlier methods of 
agriculture, the machinery was found out of gear, 
and the mischief of neglect was revealed by the 
absence of a satisfactory arterial drainage. 

Is there any remedy for past neglect, or is it one 
that is prohibitive by reason of excessive outlay ? 
Mr. Clayton shows very clearly what has to be done, 
and that it will be remunerative to undertake. He 
outlines the process, but does not enter into minute 
particulars of mechanical operations. Great detail 
is the more unnecessary because there is no great 
room for originality or ingenuity in digging a ditch, 
cutting and removing weeds from rivers, clearing and 
streams, or repairing embankments. Some German 
prisoners were usefully employed in such operations, 
and it is perhaps to be regretted that more were not 
similarly occupied. Considering the magnitude of 
the operations the outlay is not excessive, and 4 
satisfactory returnis assured. Mr. Clayton expresses 
his deliberate opinion in asserting “that there is 
hardly an acre of land that is incapable of being 
effectively drained, and drained to show a profit.” 
To illustrate the effect of adequate drainage he 
quotes instances of farms in practically contiguous 
areas, where the application of efficient drainage 
has so transformed the land, that excellent pasture 
or arable on deep rich soil capable of supporting full 
averages of stock, or of producing valuable root 
crops, will be found side by side with the coarsest of 
pasture, foul with rushes and wild iris. In one 
river valley in Somersetshire, the letting value in 
one case was 90s. to 120s. per acre, and in the 
other only from 15s. to 25s., a margin that should 
serve as sufficient stimulus for concentrated and 





APRIL 23, 1920. ] 


ENGINEERING. 


539 








collective action. For, let it be remembered, 
isolated effort is of little effect, the water has ulti- 
mately to find its way to the sea, and not to be 
allowed to cumber and deteriorate land at a lower 
level. 

The addition of the words ‘‘ From Field to Sea,” 
declares one purpose of the book. It indicates 
the development of a scheme for utilising the streams 
and waterways in the country as a whole, and of 
increasing their value and usefulness. It was 
necessary to show how neglect and a mistaken policy 
had impaired their effectiveness and diminished their 
usefulness ; it became further necessary to show how 
their purpose can be restored or increased, and their 
work made more efficient. The author writes tren- 
chantly when describing or denouncing the laxity 
that has permitted the misuse of a ready means for 
the conveyance of waste water, but he writes 
encouragingly and instructively when suggesting 
plans of recovery and outlining the character of the 
operations for putting these plans in execution. 
Starting from the sea, he shows that a sound drainage 
engineering scheme must keep open the main 
channels to the sea, tidal or otherwise, if that part 
of the rainfall which is neither infiltrated nor 
evaporated is to pass harmlessly away. Engineering 
practice has been too much confined to so-called 
local improvements, to producing a desired result 
on particular properties, and overlooking the fact 
that there can be no thorough or decisive improve- 
ment while the main tidal outfall and other natural 
channels are neglected. 

The remarks on coast erosion, the carriage of silt, 
detritus, &c., are-pertinent, and the interference of 
tidal phenomena generally in preventing the free 
removal of the volume of land-water is considered 
with care. Of peculiar importance to the hydraulic 
engineer is the effect of flood tides in delaying the 
discharge. Obviously the capacity of any drainage 
scheme is limited by the number of hours during 
which the outfall channel permits free passage, and 
such considerations react upon the calculated levels 
and the provision of means for conveying water from 
a specified catchment area. It is also quite evident, 
that when the outfall ends of pipe drains are sub- 
merged, as they may be by the rising of tidal waters 
in estuaries, the drains not only fail to act, but 
that river water can enter and pass up to a level, 
possibly carrying the water on to the lands sought 
to be drained. 

Very useful hints are given on many topics and 
very much experience is embodied in the chapters 
on outfall channels, sluices, low-level drainage, and 
drainage by pumping. The subject of under- 
drainage is of such importance that it might have 
been treated in more detail. Of embankments, 
their construction and preservation, the author 
writes with very modified approval. In his ex- 
perience, these expensive structures have been built 
somewhat recklessly. Improvements in the channel 
and obvious alternatives might often be substituted 
with advantage, and afford a considerable saving, 
while their protection against the ever-present 
plague of rats and rodents entails constant watch- 
fulness and expense. Moreover, the embankment 
is liable to give a false sense of security and too often 
conduces to the neglect of the channel. 

We may congratulate the author in presenting 
a picture of arterial drainage in all its important 
bearings, and would respectfully join in the hope 
expressed by Sir A. Fellowes “‘ that the impetus given 
to land drainage and the livelier appreciation of its 


necessity aroused by the war, may not be allowed 
to die.” 





Hot Bulb Oil Engines and Suitable Vessels, By WALTER 
Portock, M.I.N.A., M.I.Mar.E., M.LM.E., M.LM. 


9-7 Constable and Company, Limited. [Price 


Tux particular type of internal-combustion engine 
utilising oil fuels variously characterised as the 
hot bulb, surface ignition and semi-Diesel, has 
within recent years very rapidly come to the front 
for a variety of duties, not the least important of 
which is marine propulsion, in cases where small 
and moderate powers are required. None of the 


names above quoted are completely satisfactory, | is that of the oil-tanker Bramell Point, of dimensions 
but for the types of engines as described in this | 306 ft. by 47 ft. by 28 ft., carrying 5,000 tons of 
| cargo and bunker fuel on 22 ft. 8in. draught. This 
The subject of this review is the first volume to | vessel is fitted with triple screws, each driven by a 


volume “‘ Hot Bulb ” is sufficiently descriptive. 





appear which deals exclusively with this relatively 
new prime mover. This is, in measure, somewhat 
remarkable, since there are installed now some 
hundreds of thousands of horse-power, totalling in 
all to no less than seven figures. Technical con- 
tributions to our leading Institutions and journals 
dealing exclusively and exhaustively with this type 
of engine are also exceptionally rare. Only one 
can be recalled. The reason may be sought and an 
explanation may tentatively be put forward. The 
hot-bulb engine in its development during the last 
twenty years, in the latter part of which period, 
rapid strides have been made, has been of the 
nature of continual compromise in the endeavour 
to maintain the maximum of simplicity of design 
and construction and ease of manipulation coupled 
with low first cost and reasonable operating expense. 
Development along such lines and within these 
limits must of necessity be more governed by 
practical results than directed by theoretical con- 
siderations. Whilst the proto-type of this motor is 
British in inception, as for instance the Hornsby- 
Ackroyd and Priestman engines, to Sweden must 
be given the major portion of the credit of bringing 
it to its present stage of very considerable com- 
mercial application in wide fields of work. The 
application of these Swedish engines to small craft the 
world over has very rapidly extended during the 
last ten years, and Mr. Pollock’s work is primaril 
a record of the more outstanding examples of these 
installations. British manufacturers, however, are 
now producing semi-Diesel or hot-bulb engines in 
large quantities, which are in design and construction 
in no way inferior to the best on the Continent, and 
it is to be regretted that so little attention is given 
in the book under review to home products and that 
but a few of their salient features and exclusive 
advantages are mentioned in passing. 

As a text book we welcome this volume, because 
it is perhaps overdue, and is the first to deal with an 
engineering development likely to grow to great 
dimensions, but we could have wished that in 
balance and in method of treatment it were con- 
siderably less of a collection of extracts from many 
makers’ catalogues and photographs, and plans of 
vessels fitted with one Continental make of engine. 
Such collation, however, serves a purpose of utility 
as a book of reference. 

Whilst it is probably true that the hot-bulb engine 
has grown step by step and that design is more | 
largely a matter of experience than of calculation | 
and theory, yet there is certainly a great need to | 
explore the theoretical issues in order to assist 
in applying such simple mechanisms to higher 
and yet higher powers. There are very many points 
in connection with the design of the semi-Diesel or 
hot-bulb engine still to be experimented upon and 
open to very great improvement. This side of 
the question is quite ignored in the volume 
now under notice. To mention but a few of 
such headings, we might quote efficiency of 
scavenging, and increasing the power output per 
unit of cylinder volume, improved means of 
facilitating starting within a shorter period of 
time than the 8 minutes to 15 minutes mentioned 
by Mr. Pollock, capacity to burn satisfactorily a 
wider range of fuel oils without air injection of the 
fuel or water drip and other somewhat unsatis- 
factory expedients. There are further the important 
qualities of manceuvring capacity, slow running, and 
so forth. In some of these directions considerable 
improvements have recently taken place in this 
country, but of these the author makes no mention. 

The most valuable part of this work is undoubtedly 
that which gives information from experience on the 
specific subject of fitting hot-bulb oil engines to 
various and varied types of craft. There is in this 
section a certain amount of matter which will serve 
a useful purpose alike to manufacturers who have 
the marine market in view and to buyers who 
contemplate installing this type of prime mover. 

To judge from the illustrations given in this book 
the great majority of hot-bulb engines develop 
considerably less than 80 brake horse-power per 
cylinder. The largest marine installation mentioned 








four-cylinder Bolinder engine of 500 brake horse- 
power, giving 125 brake horse-power per cylinder. 
Such an arrangement cannot be regarded as final in 
any way, the triple screws run at a much 

speed of revolution than can be conducive to 
maximum propeller efficiency for a vessel of 10} 
knots full speed. The fitting of these 
complete with shafting and propellers, for 1,500 
brake horse-power total, is probably merely an 
expedient arising out of war conditions. 

In Mr. Pollock’s opinion the semi-Diesel or hot- 
bulb engine is ripe for much higher powers than 
125 brake horse-power per cylinder. We think 
that makers will be well advised, only very gradually, 
to increase the power above 150 brake horse-power 
per cylinder and to consolidate carefully each step 
so made. This book deals almost exclusively with 
engines and installations of quite small power, 
60, 80, 120 and 160 brake horse-power per engine. 
being the favourite examples. Arguments deduced 
from such cases do not necessarily apply to powers 
running into four figures. 

Similarly, in the many tables given comparing the 
cost of oil versus steam plants, too favourable a case 
for the former is generally made out by eager and 
earnest oil-engine advocates. The savings on a 
conservative basis are as a rule sufficiently attractive 
without crediting the oil engine, for instance, with a 


y | depreciation rate per cent. of 5 as against 8 in the 


case of the steam plant. Such can only apply 
when the steam prime mover is liable rapidly to go 
out of date, as is perhaps the case with certain types 
of small craft. The prices taken for such: com- 
parisons for solid and liquid fuels are not those which 
apply to-day, but since these figures are likely to 
change considerably for some time to come this 
matter is not one for criticism. The necessary 
corrections can always be made provided the basis 
of comparison is equitable. As regards saving in 
weight and space, the author has drawn ns 
from the smaller type of craft, where the : 
combustion engine shows to its best advantage. 
The greater the power the less becomes the saving 
in the direction of space and weight, especially if the 
propeller efficiency with the oil engine is to be com- 
parable with that obtained when steam power is used. 

The type, the illustrations, and the finish of the 
volume under notice are of a high order. Many of 
the illustrations and plates, however, are almost 
duplicates, and appear in certain cases with inade- 
quate descriptions. 
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THE ARMSTRONG SHIPYARD. 
(Continued from page 472.) 

The most important of the shop buildings in the 
yard is undoubtedly the platers’ shed, which is the 
largest of -its kind in the country. As shown in 
the key plan, Fig. 1, on page 367 ante, the building 
is situated near the heads of the berths at the 
southern end of the yard and extends for nearly a 
quarter of a mile, terminating in front of the main 
office building. Between the shed and the embank- 
ment are the plate racks, which are illustrated in 
Fig. 109, on Plate XXVIII. This illustration, which 
was reproduced from a photograph taken from the 
south-west corner of the yard, also shows the 
external appearance of the platers’ shed. Trucks 
containing plates are brought down the slope from 
the North-Eastern Railway line by the yard loco- 
motives, which haul them along the tracks under 
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The platers’ shed is a steel-framed structure, 
1,200 ft. in length and 150 ft. wide, divided into 
three bays as shown in the tranversesection, Fig. 118, 
on page 541. The wing bays, it will be noticed, are 
each 52 ft. in width, while the central bay is 46 ft. 
wide. A number of interior views, which convey a 
good idea of the impressive dimensions of the build- 
ing, are reproduced in Figs. 110 to 116, on Plates 
XXVIII to XXXI, accompanying this issue. These 
views will be referred to in more detail later. The 
shed is completely closed in on the sides with large 
sliding doors in convenient positions, so that work 
can be carried on in comfort in all weathers. The 
greater part of the roof, and a considerable portion 
of the sides and ends, are covered with Mellowes’ 
*“* Eclipse” glazing, while the remainder is covered 
with corrugated sheets. The arrangement gives 
ample light in the daytime, as will be gathered from 
the interior views, and, at night, efficient illumination 





northern end with kitchens, cloak rooms and 
lavatories, to be used at receptions held in con- 
nection with launches and other functions. This 
provision is, however, unnecessary now that the 
yard is employed on commercial work. Access to 
the mould loft is obtained by a staircase 9 ft, 
wide arranged in three flights, with teak treads. 
The structural steelwork for all the shops in the 
yard was constructed and erected by Messrs. 
A. and J. Main, Limited, of Glasgow (now Messrs. 
Armstrongs and Main, Limited), while the founda- 
tions for the columns and for the various machine 
tools were carried out by Messrs. Edmund Nuttall 
and Co., of Manchester. In the platers’ shed alone 
some 4,200 tons of steel were employed, arranged 
as shown in the transverse section, Fig. 118, on 
page 541, and also in Fig. 110, on Plate XXVIII. 
The columns, which are spaced at 80-ft. intervals so 





as to give ample room for handling large plates, are 





the gantry shown in Fig. 109. The trucks are 
here unloaded by two overhead travelling cranes, 
the plates being sorted according to size and thick- 
ness and placed in the appropriate racks. The 
racks, it may be mentioned, are formed of old rails 
set in concrete foundations, this cheap and simple 
construction giving effective support to the plates 
and enabling them to be easily and quickly inserted 
and removed. Of the two cranes, only one of which 
is visible in the illustration, one was designed and 
constructed by Messrs. Royce, Limited, of Man- 
chester and the other by Messrs. T. Broadbent 
and Sons, of Huddersfield, They are each capable 
of lifting a load of 10 tons, and of travel- 
ling laterally at the relatively high speed of 
200 ft. per minute; the largest plates can thus 
be easily and expeditiously handled. The crane 
rails, which are 48 ft. 9 in. above ground level, are 
supported on one side by the columns of the platers’ 
shed, and at the other side by a special steel gantry, 
clearly shown in Fig. 109. The total length of the 
gantry is 1,120 ft. and the span is 76 ft. 6 in. between 
the centres of the crane rails. Two large pickling 
tanks are provided near the southern end of the 
plate racks, as indicated by the small rectangles on 


.| employed in planks 3 in. wide by 3 in. thick. A 





the key plan, Fig. 1, on page 367 ante. 
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is provided by means of 2,000 c.p. half-watt lamps. 
In an upper storey at the northern end of the shed 
is situated the mould loft, which extends over the 
eastern wing bay and the central bay. The floor 
dimensions of the mould loft, which is illustrated 
in Fig. 117, above, are 320 ft. in length by 98 ft. 
wide, and the height to the spring of the roof trusses 
is 18 ft. 9 in., while in the centre the height is 28 ft. 
The sides and ends are covered with corrugated sheets 
and Mellowes’ glazing, while the roof is partly glazed 
and partly covered with slates. Special attention 
was, of course, given to the construction of the floor 
in order to ensure a perfectly true surface, and, for 
this reason, specially selected Siberian pine was 


series of benches is arranged along the whole length 
of one side of the loft for making moulds and 
templates, and the work is further facilitated by the 
employment of portable motor-driven saws and other 
tools. The loft is well lighted both by day and by 
night, and, in cold weather, it is comfortably warmed 
by means of steam pipes. Leading from the 
mould loft at the southern end, and extending over 
the central bay only, is a template store-room 
measuring 35 ft. by 80 ft. In the original design} it 





was intended to equip another store-room at the 


composed of two 12-in. by 4 in. by 36-47-lb. channels 
braced with 3}-in. by 2}-in. by ,5,-in. angles on both 
sides. The columns carry longitudinal girders 
which support the crane tracks and the roof 
principals, the latter being spaced 20 ft. apart. 
The longitudinal girders are of the lattice type, 
15 ft. 3 in. deep and 3 ft. 3 in. wide, and are divided 
into six bays. The upper booms consist of two 
10-in. by 4-in. by 30-6-lb. channels and the bottom 
booms of two 10-in. by 3}-in. by 23-55-Ib. channels, 
while the verticals are composed of braced angles, 
and the diagonal bracing of flats. There are three 
10-ton electric overhead travelling cranes in each 
of the wing bays, as shown in Fig. 114, Plate XXX, 
and two similar cranes in the central bay, the height 
of the crane rails above the floor level being 33 ft. 4 in. 
in each case. These cranes, which were constructed 
by Messrs. T. Broadbent and Sons, Limited, of 
Huddersfield, are provided with independent motors 
for hoisting, traversing and longitudinal travel, the 
speed of the latter being 250 ft. per minute. This 
speed, it may be mentioned, has been found as 
high as convenient in view of the fact that plates 
up to 45 ft. in length have to be handled. Additional 
facilities for handling materials are provided by 
means of a large number of fixed hydraulic and 
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hand-operated cranes placed in convenient positions 
in proximity to the larger machine tools, as shown 
in the interior views on Plates XXVIII to XXXI. 
The usual method of handling plates is to lift them 
from the racks and bring them up to one of the 
sliding doors of the shed by means of one of the 
travelling cranes over the plate racks. They are 
then taken by one of the hydraulic cranes inside the 
shed to the straightening rolls, if required, and thence 
by means of the overhead cranes in the shed to the 
various machine tools. When the necessary opera- 
tions are completed, the plates are placed on railway 

















laying out a ship’s deck plating, and it will be 
noticed that pneumatic drills are employed for 
drilling the plates in position. It should, perhaps, 
be explained in connection with this view that the 
open sides shown have since been filled in as stated 
above. 

The tool equipment of the shed includes a variety 
of punching and shearing machines disposed as 
shown in the key plan, Fig. 119. They are 
designed to punch holes up to 14 in. in diameter 
in mild steel plates 1} in. in thickness, or up 
to 1} in. in diameter in high tensile steel up 








machines, &c., which form part of the equipment of 
all modern platers’ sheds, and therefore call for no 
special comment. General particulars of these are 
given on the key plan, Fig. 119, below. There 
are, however, a number of heavy tools and special 
appliances which are worthy of more detailed 
treatment. Entering the shed from the northern 
end, one first notices a set of three radial drills of 
a special type, one of which is shown on the left of 
Fig. 112, on Plate XXIX. These drills, which 
were specially designed by Messrs. William Asquith, 
Limited, of Halifax, to meet the firm’s requirements, 






























































trucks and hauled down to the berths by steam | to 1} in. thick. The large punching and shearing | consist of a bridge mounted on a of rails and 
locomotives, one of which can be seen in Fig. 112, | machines are by Messrs. Craig and Donald and by | carrying @ high-speed radial drilling arm. The 
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1. . Punch and shears with side $14. Punching and shearing machine, 488. planer. 
Ay = 22. Pun and shearing machin 332. feeine po | ones na i ior = ceenrine es 
machine. 4 ching ig e. 8 ig e machine 
4. machine. 26. Radial drills on rails. 341. Box bed radial drill. 404. cold on 
5. machine. 27. Radiat drills on rails. $49. Plate-edge planer. 508. 
6. 28. Radial drill. 364. Punching and shearing machine 504. 
7. 29. 367. Double 611. planer. 
8. 186. Bar shears. 402. Punching and shearing machine 517. 
9. 161. H lic joggier. 419. Plate-edge planer. 555. 
10. and manhole punch. 153. Grinder. > 426. Plate-straightening machine. 556. and notcher. 
11, and sh:a machine. 175. G@ 475. Roller ing machine, 557. machine. 
12, and shearing machine. 203. Radial drill. 477. Double punch. 580. punch. 
18. Punching and shearing machine. 219. Plate splitter. 479. Double punch. 584. 
14, Plate oo: 278. Cold saw. —— rolls, 585. 
15. Radial Drill. $10. Radial drill. 481. Punching a: Gpidsing iment. 587. 
16. Radial Drill. $11, Radial drill. 483. Angle cutter, beam der, and 616. machine. 
17. Are em ag machine. $12. Radial drill. h punch. 629. 
19. Beam , horizontal punching 31 shearing machine. 484. Cold saw. 630. 
-~ and double angle-cutting machine. 


on Plate XXIX. The railway’ tracks crossing the 
shed are indicated by chain-dotted lines in the key 
plan, Fig. 119, above, and the tracks leading to the 
berths are similarly shown in the general plan of the 
yard on page 367 ante. 

The lay-out of the shed is shown in the key plan, 
Fig. 119, which is accompanied by a list of the 
principal tools. It will be noticed that the punching 
and shearing machines and other tools, are arranged 
with ample space between them so that long plates 
can be operated on in one machine without inter- 
fering with the work at another tool. They are 
also, of course, arranged so that the various opera- 
tions can be carried out in an efficient sequence 
involving the minimum possible amount of handling. 
In general, it may be remarked, the heavier work 
is done at the northern end of the shed, i.e., the right- 
hand portion of Fig. 119, while the southern end is 
occupied with work of a lighter character. The 
central portion of the shed, as shown in the key 
plan, is free from machine tools, this portion being 
used for the laying out of decks and bulkheads. 
Fig. 111, on Plate XXIX, illustrates the process of 





Messrs. Bennie and Sons, while the smaller ones, 
capable of working on mild steel plates up to 1 in. 
in thickness, are by Messrs. Cameron. One of the 
Craig and Donald machines, that numbered 10 in 
Fig. 119, is fitted with a manhole punch capable of 
cutting manholes up to 23 in. by 15 in. in }-in. plates, 
while the machine numbered 21, by Messrs. Cameron, 
is provided with a notching attachment suitable for 
working on plates up to } in. thick. All the large 
punching and shearing machines are provided with 
8-ton cranes of 23 ft. rake, while the smaller machines 
have 5-ton cranes of 20 ft. rake attached. Pilate- 
straightening rolls, or “‘ mangles”’ as they are termed, 
are provided of various makes and capacities, the 
largest, a four-roller machine by Messrs. Craig and 
Donald, being capable of dealing with plates up to 
12 ft. in width and up to 2 in. in thickness. Each 
mangle is served by a hydraulic crane of suitable 
capacity—in fact, all machines in which work has 
to be supported during the machining process are 
fitted with self-contained cranes. Yo Sy 

In addition to the above-mentioned tools there are 
a number of radial drills, plate-edge planers, joggling 





plate to be drilled is laid on bearers between the 


ee are Sere ee eevee 
along as work of drilling proceeds. 
Another battery of three exactly similar drills is, at 
present, provided on the other side of the shop, and 
a third set of rails has now been laid at the southern 
end of the shed, on to which one drill can be removed 
from each of the existing batteries ; there will then 
be three sets of rails with two drills on each. We 
have already illustrated and described these drills in 
detail on page 521 of our ninety-seventh volume, to 
which we must refer our readers for further particu- 
lars of them, but we may here remark that they have 
answered their purpose admirably for the extensive 
drilling work on high-tensile plates used in warship 
construction during the war. Between the two 
existing sets of travelling radial drills, as indicated 
in the key plan, Fig. 119, there is a store-room 
for pegged pany ae tools, a large number of 
which are on the building berths. 
One of the most important tools is the 

plate-bending rolls situated near the centre of the 
shed and numbered 1 on the key plan, Fig. 119, 
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serving this machine, also shown in Fig. 116, was 
supplied by the engine works department of the 
firm at Elswick. It is capable of lifting a load of 
8 tons, @ height of 13 ft., at a maximum radius of 
30 ft. and a minimum radius of 10 ft. The lifting 
motion is effected by a hydraulic cylinder and ram 
with 4 to 1 multiplying gear, and the slewing motion 
by @ pair of cylinders with 2 to 1 multiplying gear. 
One of the two cylinders with 4 to 1 gear employed 
for racking the load along the jib, is clearly shown in 


Fig. 116. 
(To be continued.) 





COAL CONSERVATION IN THE UNITED 
KINGDOM.* 
By Sir Ducaup Cuerx, K.B.E., D.8c., F.R.S., 
M.Inst.C.E. 


On April 21, 1904, I had the honour to deliver the 
twelfth ‘“‘James Forrest’? Lecture on “ Internal- 
Combustion Motors.’’ During the sixteen years which 
have elapsed those engines have made great progress, 
and their application to motor cars and transport has 
been enormous ; they have also been applied to marine 
propulsion and the production of the aeroplane has been 
rendered practicable by the development of the light 
high-speed petrol engine. Ample material has accumu- 
lated for another ‘ Forrest ”’ 
but notwithstanding the importance of the subject and 
my long connection with it, I consider it desirable to deal 
now with a still more vital matter—that of the con- 
servation of fuel in the United Kingdom. 

Our present industrial civilisation depends upon our 
supplies of fuel and motive power, and without coal, oil 
and motive power it would impossible to support in 
comparative comfort our pulation of 46 millions. 
A return to the agricultural civilisation of 1750 would 
require the reduction of our numbers to one-third. 
This would be necessary if coal failed us or became 
unduly expensive. 

The coal raised in 1913 was approximately 287-4 
million tons; but of that, 189-1 million were retained 
and consumed here, the balance of 98-3 millions were 
exported, partly to supply bunker coal for our ships and 
partly to other nations to pay for commodities and 
services imported and rendered to us. 

The total coal reserves at 2 per cent. per annum 
increase would be exhausted in about 250 years; but 
long before that time fuel would be so expensive that we 
would be hardly pressed to maintain the existing popu- 
lation—we would have arrived at a stage of stationary 
or receding numbers. It is accordingly of the utmost 
importance to study the engineering problems arising 
under the changed conditions. 

The work of the engineer may be applied to extend 
the period of our present prosperity by reducing the total 
fuel consumption or by i ing the of existence 
more rapidly, and so increasing the power of supporting 
a larger population for a shorter term. 

The coal raised and retained in 1913 was consumed in 
the following manner. 


Taste I.—Coal Consumption in the United Kingdom 
during the Year 1913. 


ture on these engines, 





Million Tons. 
Railways eee pas me dec 15-000 
Coasting steamers (bunkers) eee 2-500 
Factories it a pa nae 60-000 
Mines ... oes 305 20-500 
Iron and steel industries ite 31-000 
Other metals and minerals ... en 1-250 
Brick works, potteries, glass and 
chemical works... ies ir 5-750 
Gas works 18-000 
Domestic 35-000 
189-000 


These numbers are taken from Table II, page 10, of 
the final report of the Coal Conservation Committee, and 
they have m calculated from the values given in the 
Coal Commission Report of 1903, by assuming a pro rata 
increase in the different items proportional to the total 
coal reserved for home consumption in the years 1903 
and 1913, 

It will be observed that the division does not give 
any direct indication of either the total coal consumption 
for motive power purposes or the total horse-power hours 
developed by the steam and other engines of the country. 

Professor Bone gives his estimate of the division of 
consumption in that year as :— 


Per Cent. 
Approximately. 
Power _ ode aes ous 40 
Iron and steel works carbonisation... 27 
Domestic Ba oie was kia 20 
Transport... " 10 


He agrees that it is difficult to state exactly the coal 
consumption in @ given year for each of the above 
purposes, but he considers that the following values are 
tolerably accurate :— 

Consumption in mines and factories Million Tons. 


chiefly for power ... aga ies 
Iron, steel and other metallurgical 
industries ... ose es sue 32 
Bricks, ceramics, glass and chemicals 6 
Railways and coasting steamers... 17 
Gas works ... sve ose 19 
Domestic purposes ... 35 





*The “James Forrest” Lecture, 1920, read before 
the Institution of Civil Engineers, April 20, 1920. 





If these values be accepted, then + ou wor one 
domestic use consume between m 134,000,000 tons 
per annum, or about 71 per cent. of the whole coal 
conrennneen of the United Kingdom. 

The Conservation Committee* under the chair- 
manship of Lord Haldane arrived at the conclusion that 
80,000,000 tons of coal were consumed in this country in 
1917 for the production of power, including railways ; 
they considered that only 25,000,000 tons would be 
required if the whole of the existing steam engines in 
separate factories, and the steam locomotives on railways 
were replaced - a. great general system of electrical 
generation and distribution. For this purpose many of 
the existing electricity generating stations were to be 
purchased by the State, and large turbo-electric stations 
established at about 16 centres were to be erected and 
their mains so linked up as to cover the country with a 
network capable of supplying our whole power needs by 
electric motors. By this scheme the committee expected 
to save 55,000,000 tons of coal on power only, or to 
— continuously 15,000,000 h.p. in addition to the 

5,000,000 h.p. now required by factories and railways. 

If this be true, the super-stations would certainly justify 
their existence. But is the scheme well founded ? 

Are the facts dealt with by the Coal Conservation 
Committee such as to justify the sweeping conclusions 
arrived at? Many competent electricians and most 
capable motive-power engineers have the gravest doubt 
as to the accuracy of the data presented and as to the 
outcome of the ambitious sch advocat 

The report assumes an approximate knowledge of 
four values :— 

(1) The amount of coal used in the United Kingdom 
for the uction of power only. 

(2) The amount of mechanical or electrical energy 
produced from this coal and used in driving workshops, 
mills, factories, electrical generation and railways YS 
steam engines, po ree and turbine. 

(3) Assumed (calculated from (1) and (2)) consumption 
of coal per brake horse-hour at present. 

(4) Possible reduction of total consumption of coal by 
the proposed super-stations. 

With regard to (1), an attempt is made to arrive at 
this value in Appendix A, page 23, of Final Report, by 
consideration of the values returned in the census of 
production for 1907. The conclusion is that in 1907 
the estimated coal ption in i try, including 
mining, was approximately 70,000,000 tons, but the 
whole of this coal is not used for power production 
because it includes “‘important amounts of coal used 
for ames other than the generation of power, as in 
brick making, in chemical trades and in bake-houses.”’ 

It is assumed that only 75 per cent. of the total coal 
is used for power production in industry, that is 52-5 
million tons. If railways be included the total con- 
sumption is stated to be at least 65,000,000 tons. It is 
further stated that the present (1917) consumption 
including railways is 80,000,000 tons. No reason is 
given for the increase between 1907 and 1917 from 
65,000,000 tons to 80,000,000 tons, and no figures are 
quoted to show the probable increase from changing total 
consumption in the country during ten years. 

In the list of purposes requiring the reduction by 
25 per cent. above no allowance appears to be made for 
the large amounts of steam consumed in factories and 
mines for heating and general technical pr in 
industries like dyeing, bleaching, calico printing, tanning, 
hat rn neatare, sneuieet rom hy heating premises and 
others. Mr. D. wnlie,t B.Sc., F.C.8., considers that 
these industries use more steam in this way than the 
same factories require for motive power. Mr. Brownlie 
states: “Also, in very many other industries, a con- 
siderable quantity of steam is used, even although the 
amount may be less than that used for power. It is not 
= to find out what is the exact amount of coal used 

or the production of steam for purposes other than power, 
there being, for example, no statistics available showing 
the number of steam boilers at work in Great Britain.” 

Mr. Brownlie considers that the proportion of steam 
so included in power production is from 20 per cent. to 
30 per cent. of the total. The 65,000,000 tons consumed 
in mining and industry is thus subject to a deduction of, 
say, 25 per cent., and the real value for power producing 
purposes, including railways, is more probably 48-7 
million tons. 

With regard to (2): The total output of mechanical 
energy produced from the coal used in driving workshops, 
mills, factories, electrical generators by steam engines, 
reciprocating and turbine (excepting railways) — 
the year of the census 1907, is estimated by the C 
Conservation Committee as 14,691,000,000 h.p.-hours, 
To estimate this value it is assumed that the nominal 
horse-power of steam engines may be used in connection 
with the rated capacity of dynamos, both as returned 
in the census, to determine by analogy the horse-power 
hours per nominal horse-power of the steam engine plant, 
as compared with the horse-power hours, per rated 
E.H.P., of electrical plant. It is conside probable 
that the ratio of ave wer developed to nominal 
horse-power and rated E.H.P. respectively is the same. 
This would be true if the steam and electric capacity 
rating were similar, but unfortunately the normal horse- 
power of a reciprocating steam engine is always lower 
than the actual Nensegener capable of being developed. 
Many years ago it was by no means uncommon for the 
actual power of a steam engine to be four times the 
nominal. The practice as to nominal horse-power of a 
steam engine is to expect the actual power obtained 
to be at least one and a half times that of the nominal 
value. This would cause the power of the separate steam 


* Cd. 9084. 

t ‘Coal Saving by the Scientific Control ef Steam 
Beiler Plants.” By D. Brownlie, B.8c., F.C.8., 
Enorveerine, July 12 and 19, 1918. 

















engines returned in the census to be higher than that 
used to determine the total horse-power hours of the 
plant per annum by Mr. Flux. For this reason I consider 
that the steam engine horse-power hours per annum are 
too low. 
In my opinion the effect of this is to reduce the energy 
output to at least 70 per cent. of the probable total energy. 
On this view the total horse-power hours in 1907 was 
more probably 
14,691 
0-7 
With regard to (3), my estimate of the total coal 
consumption under (1) during 1907 for steam motive 
power only, including railways, as explained is 48-7 
million tons, deducting for railways 12-5 millions we 
get 48-7 — 12-5 = 36-2 millions, and that under (2) 
total output 20,987,000,000 h.p.-hours. The coal 
consumption per horse-power hour is therefore 


36-2 x 2,240 
20,987 


In the Committee Report the value arrived at, without 
correcting, for steam consumption other than motive 

wer, and, without correcting, the nominal horse-power 

or steam engines is 8-03 lb. This number, however, is 

given up, and 5 lb. per horse-power hour is adopted from 
typical cases, as mentioned in (2), page 23: “To select 
for each of the large industrial areas of the country a 
number of representative examples of each important 
industry when full data are available.”” This is done by 
the committee, and they arrive at 5 lb. as stated, and 
point to the fact that Sir George Beilby had adopted 
that value also no less than seventeen years ago. I have 
also made a comparison on these lines. 

At the time when the Coal Conservation Sub-Committee 
issued its interim report, April, 1917, no data existed 
giving the average consumption of coal for electrical 

ration. Fortunately, the establishment of the Coal 
Controller led to a thorough examination of the output 
and coal consumption of the electricity generating 
stations of the country, and on January 27, 1919, Mr. D. 
Wilson,* the technical adviser to the Coal Controller, 
gave the fuel and power data of the whole of the electricity 
supply undertakings of the United Kingdom utilising coal 
for the year ending March 31,1918. From this it appears 
that there are 421 such undertakings which generated 
in the year, 4,674,000,000 Board of Trade units on an 
average consumption of 3-47 lb. of coal per Board of 
Trade electrical unit, or 2-59 lb. per electrical horse-power 
hour. We have thus accurate knowledge of the fuel 
consumption of at least 10 per cent. of the whole power 
of the country. 

The textile trades are large power consumers, and their 
reciprocating steam engines are highly economical. We 
have no complete account of the whole motive power 
of the industry, but we have the results of careful tests 
made by competent and independent authority. 

In the year 1915, the chief éngineer of the Manchester 
Steam Users’ Association reported on the fuel consump- 
tion of reciprocating steam engines such as are installed 
in textile mills. Thirty engines were tested, and it was 
found that compound engines working at about 100 Ib. 

r square inch, consume about 2-7 lb. of coal per 
indicated horse-power net. Compound high-pressure 
engines consume about | - 85 1b. of coal per indicated horse- 
power net, and about 1-45 lb. when superheated steam is 


million = 20,987 million horse-power hours. 


= 3-9 lb. nearly. 


used. At 90 per cent. mechanical efficiency the brake 
consumption is :— 
Per Brake- 
Horse-Power 
Hour, 
Lb. Coal. 
Compound 100 Ib. per square inch... 3-00 
Compound high pressure ose 2-05 
Compound high pressure with super- 
heat ove ove oes ove 1-61 


If the nominal horse-power of the textile mills and 
factories in the country be supposed to be equally divided 
between the three types, then the mean consumption is 
2-33 Ib. of coal per brake horse-power hour. It appears 
probable, however, that the division is not equal, and a 

robable average for the textile industries is 2-5 lb. per 
Soaks horse-power hour. This is somewhat high for 
1913, as first-class steam engine builders readily guarantee 
@ steam consumption of 12 lb. per brake horse-power 
hour and this, with a Lancashire boiler with economiser 
and superheating, will only require 2 lb. per brake horse- 
power hour for coal. Allowing for some of the older 
engines, 2-5 lb. per brake horse-power seems a very 
probable figure for the textile industry. 

In July, 1919, Mr. D. Brownlie, B.Sc., F.C.8., published 
@ critical examination by him of the performances of 
250 boiler plants, used for producing steam in different 
industries, including collieries, cotton mills, lace mills 
chemical manufactories, explosive factories, dyers and 
bleachers, woollen mills, hosiery mills and paper mills. 
He found that the maximum value for evaporation of 
water per pound of coal was 7-85 lb. as the av: of 
21 paper mills and the minimum value was 4-96 Ib. as 
the average of 11 lace mills. Taking 20 lb. of steam 
consumption per brake horse-power hour as @ common 
figure for an average factory steam engine, gives a fuel 
consumption of 2-55 1b. of coal per brake horse-power for 
the best and 4 Ib. for the worst. The —— value for 

of s 


the whole 250 boiler plant was 6-56 Ib. team per 
und of coal consumed. At 20 lb. steam per brake 
rse-power this would give a mean of 3-05 lb. of coal 


per brake horse-power. 5 

A similar examination by Mr. Brewnlie of 100 typical 
colliery steam boiler plants gives 5-44 lb. of water per 
pound of coal. If we assume that the colliery engines 


* Discussion at the Junior Institution of Engineers. 
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require 30 lb. of steam per brake horse-power hour 
because of the nature of their work, then the average 
coal consumption for the collieries per brake horse-power 
hour is 5-5 lb. of coal. Pumping engines for mines, 
however, are highly economical and consume about 
2 lb. of coal per pump horse-power hour. 

Rolling-mill engines used in iron, steel and other metal 
industries were somewhat extravagant in fuel con- 
sumption ; in former days 10 lb. of coal per brake horse- 
power hour was common. Recent improvements for 
exhaust steam recovery and the introduction of steam- 
driven electrical drive has tly improved on this 
consumption, so that 3 lb. of coal per brake horse-power 
hour is not uncommon. It only remains to discuss the 
case of small high-pressure non-condensing engines 
driving small factories and separate machines. In these 
engines 5 Ib. of coal per brake horse-power hour is 
required. 

© arrive at an approximate average for the whole 
country by consideration of separate typical tests it is 
further necessary to study the distribution of the total 
steam power of the country among the different engines 
of greater and less economy. ‘The data at our disposal 
is somewhat vague as it depends on the returns made at 
the census production of 1907. At page 24, Table II, 
of the Coal Conservation Committee Report it is esti- 
mated that the total coal consuming horse-power of the 
United oo is 9-354 million. 

a 





The four large divisions are :— 
Million 
Horse-Power. 
Mining and quarries... ene woe «= 3° 427 
Tron, steel, shipbuilding, engineering... 1-926 
Textile trades ... ais ont -- 1-900 
Public utility service 1-722 
7-975 


The four divisions account for 7-975 million horse- 
power ott of 9-354 million, or 85-4 per cent. of the whole. 
lhe division in percentage is :— 


Per Cent. 
Mining and quarries... wee ees 26-0 
Tron, steel, shipbuilding, engineering... 20-6 
Textile trades ... oie sas itl 20-3 
Public utility service 18°5 
Other purposes ... 14-6 
100-0 


It is now possible to estimate the average coal con- 
sumption for steam power in the whole country as 
follows :— 





Mining and quarries... 26:0 x 5-5 = 143-0 
Tron, steel... - 20-6x 4:0= 82-4 
Textile trades 20-3 x 2-5= 58-0 
Public utility 18-5 x 2:6= 48-2 
Other purposes -- 14:6 5-0= 73-0 
” {ee EDL 
100-0 404-6, 
say 405 
Then the average for the United Kingdom is— 

405 


0 4-05 1b. of coal per brake horse-power hour. 

I have thus arrived at two values. The first is 3-9 Ib. 
of coal per brake horse-power, estimated on census of 
production data corrected by allowing for steam pro- 
duction other than for motive power and for error in 
total horse-power hours as determined by the Coal 
Conservation Committee due to allowance necessary for 
ratio between developed and nominal power. The second 
value is 4-05 lb. of coal per brake horse-power hour, and 
this is estimated by considering the average of many 
typical steam engines. 'The agreement is close. 

With regard to (4) which considers the possible 
reduction of total coal consumption by the proposed 
superstations, it has been shown in the discussion on (1) 
that after allowing for steam used for purposes other than 
motive power the Coal Conservation Committee estimate 
of 65,000,000 tons consumption is reduced to 48-7 
million tons. If we assume with the Coal Conservation 
Committee that super-stations in the early future will 
generate 1 E.H.P. hour on 1-56 lb. of coal, then the 
possible consumption by the complete substitution of 
such stations for existing stations and power-producing 
steam engines, assuming the figure of 4-05 Ib., is : 

1°56 x 48°7 _ 18-77 million tons, 
4-05 
The saving is 29-9 million tons. The saving, as con- 
templated by the committee, on 65,000,000 tons, the 
consumption for stationary engines, excluding 15,000,000 
tons allowed for railways, is : 


_ 1:56 = 65 
5 


65 = 44-7 million tons. 


I have not yet considered thé question of coal con- 
sumption of locomotives for which the committee allow 
@ present consumption of 15,)00,000 tons per annum. 
Mr. R. T. Smith, in his presidential address to the 
Institution of Electrical Engineers states that if all the 
railways of the country be electrified then it is possible 
to save from 7,000,000 tons to 8,000,000 tons of coal per 
annum. Other electrical engineers are not so hopeful, ae 
to complete our comparison we shall take from Mr. Smith 
@ saving of 7-5 million tons per annum on railways ; 
we then get as total “saving’’ 29-9 +7-5 = oF 4 
million tons per annum. Taking all the facts into 
consideration and assuming wesc. | in the future to be 
used for the tion of power and light only, then a 
reduction to 1-56 lb. of coal per brake horse-power hour 
would give a possible saving of not more than 37,500,000 





tons of coal per annum. The saving of 55,000,000 tons 
expected by the committee is, in my opinion, based on 
fallacious reasoning. 


Errect or Usinc E.ectrictry ror GENERATING HEAT 
on Posstptz Coat Economy. 

As has been stated, the foregoing di 
that power and light are to generated, not heat ; 
but the Committee Report clearly intend g t 
heat also and expects to do so with economy superior 
to the existing systems of coal and gas combustion. In 
Lord Haldane’s prefatory note to the Interim Report 
of the Power Generation and Transmission Sub-Com- 
mittee it is stated that: ‘‘' The question of the conserva- 











urposes, including most of the coal used in gas works, 
rend be affected by an oy zane in the efficiency of 

uction of electricity, for, as the pricejof electricity 
ell, 80 would its use for lighting, heating and cooking, 
already very considerable, increase in substitution for the 
direct use of coal and gas for these purposes.” (The italics 
are mine.) 

From these statements it is evident that the coin. 
mittee intend the general economy of the improved 
efficiencies of the super-stations to include the supply o{ 
heat also, and they expect coal conservation to be furthe: 
improved by this addition. Thee tion of econom, 
is evidently effected by heat supply as well as motive 
power and light. To test this matter it is desirable 


TABLE I, 


THERMAL EFFICIENCY OF PRODUCTION, DISTRIBUTION, AND USE 
OF GAS AND ELECTRICITY FOR YEAR 1918. (CLERK). 
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tion of coal so far as it falls within the reference . . 

is the question of economy in the use of coal through 
supplying electricity for power and other forms of 
energy.” 

And at I (13), page 9 of the report, I find: “. . . 
and, being within reach of the community as a whole, 
the t benefits of an increase in the use of electricity 
for domestic pur - . . On the same page 9, 
in a footnote to I (9), it is stated with regard to the 
committee’s expected saving of 55,000,000 tons per 
annum: ‘This takes no account of the saving 
possible on domestic coal consumption as the result of a 
comprehensive system of electric power distribution.” 
The footnote on page 14 also states: ‘ In addition there 
are the various domestic uses of electricity, such as 
heating, cooking and power, which are capable of rapid 
development.” And at the end of 21, page 15, it is 
said: ‘‘The economy of a combination of all require- 
ments, power, traction, lighting and heating, is funda- 
mental.” At 32, 19, the coal affected by the pro- 
posed power changes is stated as at least 80,000,000 tons, 
and a footnote expands this quantity as follows: “‘ The 
coal consumption which would be affected i 





¢ ndirect’ 
is much larger. The coal consumption for domestic 





to consider first the question of heat supply by electricity 
and by coal gas. 


Gas CoMPARED wITH ELEcTRICITY FOR DOMESTIC 
HEATING. 


I have already discussed for coal gas, the thermal 
efficiency of production and distribution of coal gas 
from the heat of the coal used in the process of carbonisa- 
tion to delivery into the gas-holder and the distribution 
to the consumer. By comparing the results obtained by 
the large London companies and many provincial com- 
panies, and comparing these results with the total cou! 
carbonised in the United Kingdom and the total gas 
produced all for a complete year’s westing, 2 have arrived 
at the conclusion that the average efficiency of gs 
production for the kingdom is 46 per cent. and the 
efficiency of distribution is 95 per cent., so that the 
consumer receives at his premises 43-6 per cent. of the 
heat used at the gas works ready to produce that quantity 
of heat on combustion. I have also similarly estimated 
the thermal efficiency of the in use for domestic 
and manufacturing p’ . The main uses are £05 


urposes. 
fires, boiling and heating water, gas cooking by oven and 
metal heating and melting. ‘The efficiency of the gas '" 
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use is 42 per cent., that is, the final efficiency referred to 
the heat consumption at the gas works is 43-6jby 
0-42 = 18-3 per cent. 

Table II, on the opposite page, shows the present 
efficiencies of production, transmission and use for 
and electricity in the year 1918. Electricity at 
a fuel consumption of 1-56 lb. of coal per EHP. hour 
gives & 1 efficiency of production of 13 per cent. 
That is, of 100 heat units consumed in the boiler furnace 
the equivalent of 13 are generated within the central 
station. The ye | of transmission for short distances 
is 90 per cent., and the electricity consumer receives 
on his premises 13 x 0-9 = 11-7, per cent. of the heat 
consumed in the thermodynamic transformation at the 
superstation. The efficiency of electricity in use for 
domestie and industrial pias such as electric heati 
of rooms, electric heating and boiling water and industri 
metal heating and melting is estimated by me as 59 per 
cent. The consumer thus uses in his apparatus 11-7 x 
0-59 = 6-9 per cent. of the heat units consumed at the 
generating station. 

For equal heat actually applied to the work, gas thus 
returns 18-3 per cent. of the heat of production, distri- 
bution and use, while electricity only returns 6-9 per 
cent. For equal heat work electricity thus consumes 
7; = 2-65 times the coal of the country to do the 
same work. How would this fact affect the conclusions 
of the Committee Report ? Assume for the purpose of 
testing the matter that the super-stations are in being— 
generating and distributing by electricity the whole 
of the power estimated as in present use—then the total 
coal consumption per annum will be 18-8 million tons at 
1-561b. of coal per E.H.P.-hour. The whole consumption 
under the present system of industrial and not collective 
power generation would be, as I have shown, 48-7 
million tons, the saving shown is thus 29-9 million tons. 
This assumes all private power installations and nearly 
all existing generating stations to be abolished and 


replaced by the new super-stations. Assume now that | / 


gas works in existence use 18-8 million tons of coal to 
generate heat at 46 4 cent. efficiency of ion 
and 18-3 per cent. efficiency of production, ibution 
and use. The total fuel consumption between power 
by electricity and heat by coal gas will be 18-8 x 2 = 
37-6 million tons. Assume the gas works to be abolished 
and electric generating stations to be 80 as to 
supply current for heat supply at the same generating 
efficiency as for power, and the heat to be the same as 
total quantity as produced and used by way of the gas 
works ; the 18-8 million tons of coal will then be increased 
2-65 times, that is, 18-8 x 2-65 = 49-8 million tons 
of coal per annum will be consumed for the heating load. 
The total coal consumed for the combined supply of 
power and heat by way of electrical generation is thus 
18-8 + 49-8 = 68-6 million tons, and the total coal 
consumed for the separate supply of power by electricity 
and of heat by gas works is 18-8 + 18-8 = 37-6 million 
tons, and the loss by adopting electricity for heating is 
31,000,000 tons per annum. 

It remains to compare the result with the present fuel 
consumptions due to the ae systems. The con- 
sumption for stationary power have estimated as 
48-7 million tons per annum, and adding the assumed 
consumption of gas works for heat 48-7 + 18-8 = 67-5 
million tons. If, then, the ideas of the committee be 
carried out as to the supply of electricity for heating, 
cooking and industrial metal melting and treating, as 
well as for power, the whole santiaabal saving on power 
will be lost and 68-6 millions of coal per annum will be 
consumed instead of 67-5. 

In my opinion, on the facts which I have shown, the 
super-stations will not justify their existence. 
Government scheme is wrong, and the sweeping con- 
clusions arrived at by the Coal Conservation Committee 
are unjustifiable. In other words there is no ibility 
of saving 55,000,000 tons per annum of t fuel of 
the country by carrying out the full scheme. Small fuel 
savings are possible by limiting the use of electricity to 
light and power, but such savings are being rapidly 
and safely effected by the individualistic system of 
separate power units under which Great Britain has led 
the way for more than 100 years. 

In so far as electricity displaces gas for heating purposes 


aeroplanes are 20,000/., 8,0002. and 4,000/., while those 
for small-t: aeroplanes and seaplanes are 10,000/., 
4,0001. 2,000!. The competitions are open to 
British subjects for hines and engines designed 
manufactured in the British Empire, and although 
equipment of foreign manufacture may 
employed, competitors using it will be penalised by the 
deduction of marks. The full load for both types of 
aeroplanes is to include, in addition to the passengers, 
petrol and oil for a flight of 450 miles at 3,000 ft., and 
at a speed of not less 80 m.p.h., and, in the case of 
seaplanes, 1 and oil sufficient for a flight of 350 
nautical miles at 1,000 ft., and at as of not less than 





70 knots, must be included in the full load. The machines | i 


will be required to carry out landing and ~*~ -off 
tests, reliability and economy tests, and mar ill be 
allocated according to the results of these tests, as well 
as for speed and general features of design. Seaplanes 
will also be subjected to mooring-out tests, touring and 
taxi-ing tests and marks will be allocated for seaworthi- 
ness in addition to the properties above mentioned, 
which apply to both aeroplanes and seaplanes. Full 
particulars of the conditions and tests for both large and 
small types of aeroplanes are given in Form A, while 
similar information with re to seaplanes is given in 
Form B. Forms C, D and E set forth the rules and 
regulations governing the competition and include a 
form of entry ; any or all of these forms can be obtained 


on application to the secretary at the above address. | tested 
aeroplanes 


The competitions > will commence on 
August 3 next, and for on September 1. 
Entries for the former must made before June Il, 
and for the latter before July 1. It may be interesting 
to note, in conclusion, that the draft rules previously 
issued have been revised in consultation with be Society 
of British Aircraft and changes made in the 





“THE DEVELOPMENT OF METAL 
CONSTRUCTION IN AIRCRAFT.” 


To Tae Epitor or Encrvkerme. 

Str,—I have read with interest the communications 
of Mr. A. J. Sutton Pippard, on pace 421 of ENGINEERING, 
March 26, and Mr. A. H. Naylor, on page 490 of 
ENGINEERING, April 9, each of whom directs attention to 
the manner in which the various experimental results 


from the Avro spar specimens have been compared. 
It was oa that the Perry formula in equation 
(2a), 375, gave only a first ximation to the 


total rr: moment, and an indication is given on 
page 376 of the error involved in the use of this equation. 
It underestimated the stre s developed just as the test 
specimens stiffened with loading boxes developed less 
stress than they otherwise would for a given loading; 
the ximation was on the right side. The formula 
was adopted in this particular case because of its 
simplicity and because the experimental results which 
were to com were taken from tests on a large 
number of wii differing types of steel spar specimens 
which were mostly built up by hand in short test lengths, 
and of steel strip which was not formed by the most 
suitable process. The specimens were thus liable to 
pr ture d failure, and in certain cases faulty 
workmanshi, caused the early failure. 

Test results from further spar specimens carefully 





he | built up in jigs, in dead straight lengths and from 


specially drawn or rolled steel strip, with suitable 
loading boxes for the end thrust and for the transverse 
loading, should certainly be compared with results 
ealculated from more accurate formule, such as are 
given by Mr. Pippard and Mr. Naylor, and I am convinced 
that with the better designs the test and the calculated 
results will agree very closely at least up to that loading 
at which failure (generally secondary) commences ; 
thereafter, at higher loading, the deflection of the 
specimen will increase more rapidly, and the seco 

failure may reduce the effective moment of inertia of the 





in so far would the coal consumption pf the y be 
inc . The committee also look to considerable 
displacement of coal used for domestic purposes by 
electric heating ; the average heating efficiencies of coal 
as used for domestic consumption are not so high as gas, 
but they are higher than electric heating efficiencies, 
80 that no saving could be effected here by the application 
of the committee’s views. No heat can be saved b 
electricity here. Are there then other methods by whic 
the country’s fuel can be saved, or increased work 
obtained from the same quantity of fuel? I shall now 
discuss this question. 


(To be continued.) 








ATR MINISTRY COMPETITIONS FOR 
AEROPLANES AND SEAPLANES. 

Tue final ations for the Air Ministry aircraft 
competitions, the objeets of which are to ascertain the 
best types of aircraft which will be safe, economical and 
comfortable for air travel, have now been rire 
and can be obtained from the Secretary, C.G.C.A. 
(C.A.L.), Air Ministry, Kingsway, London, W.C. 1. 
Three prizes are offered in each of the three following 
classes: Small-type aeroplanes with seating accom- 
modation up to six ns, large-type aeroplanes with 
Seatinc accommodation for seven or more persons, and 
Smphilious seaplanes with seating accommodation for 
Not less than two ; accommodation is in all 
cases exclusive of the crew. The prizes for the large-type 





ction, rendering very difficult the calculation of the 
induced stress. 
The curve So 


given p Rin —- on page 421, lies 


so far above the curve probably the experimental 
= Fags a well-designed, stable, specimen will fall 
ow 
With 


ee to Mr. Naylor’s remark that there is 
still a wi difference between the theoretical and 
experimental curves 8 and L, I would repeat that L is 
the locus of the failing stresses of a set of widely differing 
designs, all of which could have been appreciably 
improved in one or more A reference to 


respects. 
curves T; and T, in Fig. 25, page 376, will illustrate 
the finprovernent eflested in one of the best designs by 


secondary failure be avoided in these laterally-loaded 
struts if a light structure is essential, and if suitabl 
heat-treated material with a high claatiolimitis employed. 


and | The locus L is possibly only of secondary importance, 


main consideration being the development of each 
promising type of design and the determination of the 


stress at which failure, whether secon or primary, 
first shows. Up to such stress the experimental stress 
+ a yen agree with the corresponding calculated 
i curve. 


With —_ to Professor F. C. Lea’s communication 
amy il 2, I certainly had no intention to 
t 


on 
wi credit is due, and reference 


Lea’s two its, Mr. E. 

Naylor, also three members of my own staff at the 
Research Department, Air Ministry, Mr. J. Robertson, 
Mr. C. C. jhwaite and Mr. B. A. Duncan, to whom 
IT am greatly indebted. 

The whole research on metal construction was initiated 
and financed by what is now the Research ment, 
Air , and I understand that the e of the 
testing at Birmingham University under essor Lea 


were covered by a it from the Department of Scientific 
ustrial ecash, which reported to the Air 
ne 


portion of the shorter spar specimens were 

irmi University, and test reports were 

submitted by Professor Lea to Air Ministry. A 

smaller portion of the shorter specimens were tested 
at Messrs. Brunton’s Laboratory, Musselburgh, b 

Professor were tested by individual 


a spars 
., were tested mainly at the R.A.E., - 


mont of which I was director, and that information was 
correlated, &c., by us last summer, but to 
meorany member of my staff as liaison | 


is rather a stretch of imagination. 
I am, Sir, yours faithfully, 
Joun 8. Nicnonson, 
James Watt Laboratories, The University, 
Glasgow, April 14, 1920. 





“ THE CONSTITUTION OF COAL.” 
To tae Eprror or Enorneerinea. 

Srr,—I esteem greatly the interest and appreciation 
shown to our researches on coal, to which you so kindly 
gave prominence in ENGINEERING of April 9, page 485. 
As a trong of historical justice to my collaborators may 
I add to the information you publish the fact that 
Dr. Wheeler and I have for some years been working on 
a rich variety of @ ently unrelated th , but that 
they are all parts of a carefully thought-out attack on the 
whole problem of the constitution of coal on which we 
embarked before writing our first joint memoir (“‘ The 
Constitution of Coal,” published by the Government in 
1918). With one exception (that of Dr. Sinkinson) all the 
papers you mention in your article arose as a result of this 
ramifyi research. The work published since 1918 
by Dr. Wheeler and his assistants and collaborators, also 
that of Dr. Lessing and other work about to appear, is 
the direct continuation of the plan of the joint researches 
initiated by Dr. Wheeler and myself some years ago, 

Yours faithfully, 
Marre CARMICHAEL Srorzs. 

Paleobotanical Laboratory, Leatherhead, Surrey, 

April 16, 1920. 








Tue wate Mr. James Metoaure.—We regret to have 
to record the death, which occurred on the 12th inst., 
at Oswestry, of Mr. James Metcalfe, of Sheen Bank, 

le, a partner in the firm of Davies and Metcalfe, 
Limited, Romiley. Mr.Metcalfe was born on September 
25, 1847. He served his apprenticeship with Messrs. 
Sharp, Stewart and Co., locomotive builders, from 1862 
to 1867. He afterwards became locomotive superin- 
tendent to the Manchester and Milford Railway, which 
position he held from 1867 to 1880. He was then 
managing director of the Patent Exhaust Steam Injector 
Company. Messrs. Davies and Metcalfe’s injectors are 
extensively used on locomotives. Mr. Metcalfe was 
elected a member of the Institution of Mechanical 
Engineers in 1906. 





heat treatment only. A corresponding improvement is} Propvotion or Pic-Iron anv Sree. 1x Manon, 1920. 
possible in many of the other designs. Curve L will|—The production of pig-iron in the United Kingdom 
ore approach closer to the ideal curve 8S as the | in March, 1920, amounted to 699,000 tons, which is the 


designs improve and the divergence from 8 of the final 
ion of an experimental curve such as T2 depends 
fargly on the manner of failure as indicated above. 

i of L from 8 is therefore by no means 
entirely due to the manner in which these curves are 
derived. The assumption made when replotting the 
experimental failing stresses in Fig. 25, red the 
weights of all test specimens to a standard 0-58 Ib.-ft. 

the circumstan 


run is, ces, of a preliminary series 
of i such as the above Avro test 
justifia After the failing stresses been 


‘ replotted 
in Fig. 25 a certain amount of judgment was exercised 
before the locus L was plotted. 

I fear that only in a limited number of cases will 





highest figure attained in any month since the armistice. 
‘The average daily rate of action was about 22,500 
tons, compared with 22, tons in Fe , ond 
21,500 tons in January. The uction of steel ingots 
and castings was also the hi t since the armistice, 
being 840,000 tons, as compared with 798,000 tons in 
apc | and 754,000 tons in January. The production 
of steel in the first quarter has therefore been at the rate 
‘of nearly 10,000,000 ingot tons per annum. The 669,000 
tons of pig-iron included 254,000 tons of hematite, 
247,000 tons of basic, 181,000 tons of , 
and other qualities, and 17,000 tons of ys. The 
production of pig-iron in the United States in March 
amounted to 3,376,000 tons. 
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THE TWIN-SCREW MOTOR 


SHIP 


“ AFRIKA.” 


CONSTRUCTED BY MESSRS. BURMEISTER AND WAIN, LIMITED, ENGINEERS, COPENHAGEN. 








Tue motor ship Afrika, of which we give an illustra- 
tion in Fig. 1, above, built by Messrs. Burmeister 
and Wain, of Copenhagen, Denmark, to the order of 
the East Asiatic Company, of the same city, represents 
the latest and largest of ocean-going motor ships. The 
vessel is designed for the trade between Europe and 
the Far East and other distant places, her oil fuel 
capacity being sufficient for a journey of one and a-half 
times round the world. 

The vessel is built to class 100 Al, British Lloyd’s 
Special Survey, awning deck with freeboard, and with 
certificate for carrying fuel oil in double bottom. The 
scantlings of the more important parts are in excess of 
Lloyd’s requirements, and the outfit and machinery are 
in every way of the latest design. 

The vessel has a length of 464 ft. 6 in. overall, or, 
between perpendiculars, of 445 ft. Her moulded 
breadth is 60 ft., and depth moulded to lower deck 
24 ft., to upper deck 33 ft. 3 in.. and to awning deck 


42 ft. Her gross tonnage is 8,597 registered tons, and 
net tonnage 5,468 tons. Her deadweight is 13,300 
tons. The capacity of her hold is about 700,000 cubic 


feet of grain. The ~essel has an oil fuel capacity of 
about 1,500 tons, ana her engines develop 4,500 indi- 
cated horse-power. 

The hull is divided by seven watertight bulkheads 
and three continuous decks, and in the refrigerated 
holds with a platform deck. The width of the cargo 
hatch is 18 ft., and the main hatch has a length of 
37 ft. 4in. The deck machinery is electrical through- 
out and consists of 20 winches of 5 tons, 3 tons, and 
1} tons lifting power, and the corresponding derricks 
of 5 tons, 3 tons and 2 tons capacity. The foremast 
is equipped with a 30-ton and the main and mizzen 
masts each with a 15-ton derrick. The electric 
windlass for the 2-433 in. cable was constructed by 
Messrs. Burmeister and Wain, as was also the hydro- 
electric steering engine, which is perfectly balanced 
with plungers fore and aft of the rudderstock. 
The deck officers and passengers have their accom- 
modation in the foremost deckhouse and in the 
houses on top of the same, which are specially 
fitted out to meet the requirements of the tropics. 
The culinary arrangements are in accordance with the 
latest practice, refrigerated provision rooms, ice 
generator, &c., being provided. 









Fia. 1. 


The engine staff and the crew are berthed amidship 
and inthe poop. For the crew the rooms are fitted out 
for two men each, and five separate messrooms are 
fitted for the officers and men of different grades. 

The equipment is complete with*all up-to-date 
refinements for minimising manual labour, saving time 
and adding to the safety of the ship—as, for instance, 
with electric sounding machine, “ Navigator” log 
recorder, loud-speaking telephones, Clay’s order trans- 
mitter, powerful wireless installations, &c. 

The machinery consists of one set of Burmeister and 
Wain’s four-cycle twin-screw standard marine Diesel 
engines of the enclosed, forced-lubricated, crosshead 
type, detailed drawings of which have already been 
reproduced in EncrveErinc.* Each engine has six 
cylinders, with a cylinder diameter of 740 mm. and 
1,150 mm. stroke, both engines being able at normal 
load at sea to develop a total 4,500 horse-power at 
115 revolutions a minute. A view of one set of engines 
is given in Fig. 2, on page 550. Each engine is fitted 
with a main compressor for injecting air, enclosed, forced- 
lubricated,’ and of the three-stage type. According to 
the firm’s usual practice, all the other necessary pumps 
and the auxiliary machines are electrically driven, 
independent of the main engines. For the production 
of the necessary current for working the auxiliary 
machinery, as well as the steering gear, win , and 
winches, the ship is fitted with three auxiliary Diesel 
engines, of which one is shown in Fig. 3, on page 550, 
each of 100 horse-power, and, further, an engine of the 
same size is provided for the refrigerating machinery. 
Each of the other engines can serve as a stand-by. 

The trial trip was run on March 27, and went off 
very satisfactorily. All the engines were tested and 
were put through a series of mancwuvres. During the 
trials several runs were carried out over the measured 
mile at an average speed of 13} knots. The engines 
form the second set built for this ship, as the first set was 
delivered to the United States Shipping Board in 1919. 
When the machinery of the Afrika was half completed, 
the United States Shipping Board wished to acquire a 
set of such engines as soon as ible, in order to 
obtain experience with them, and the East Asiatic 
Company consented to the transfer being made. 





* See. page 12 ante. 
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PATENT LITIGATION IN 1919. 


Durtne last year several patent actions were decided 
which are of interest to engineers, and we summarise 
the results in the more important of these. 

Amendment of Specification.—The specification of 
a patent relating to a high-speed tool steel claimed 
the addition of cobalt up to 15 per cent. to the known 
compositions. It was desired to amend the specifica- 
tion to limit the claim to the use of about 4 per cent., 
but this amendment was refused. 

In another case a patent a to the treatment 
of metallic tungsten having been held by the House of 
Lords to be invalid it was sought to introduce a dis- 
claimer. The original main claim was for working 
tungsten by subjecting the metal in a coherent form 
to the action of heat whilst it was being operated on or 
manipulated. It was desired to add a statement in 
the specification that by the expression “ coherent 
form” the patentees excluded any forms of tungsten 
other than those agglomerated from tungsten powder 
and rendered very dense and var sy a heat treatment 
very near the melting point. Court would not 
allow the amendment because they held that it would 
import imto. the specification for the first time the 
element of selection and would make the invention 
claimed substantially different from that originally 
claimed. 

Petitions for Extension.—Several petitions for ex- 
tension of the patent term were heard with varying 
results. In Fleming’s patent for the “ Fleming’ 
valve it was held that the remuneration of the peti- 
tioners had not been inadequate and no extension was 
granted. It was admitted that they had made a profit 
of about 8,500/. on the sale of the valves and it was 
proved that they had received a sum of over 18,0001. 
on the shares received on the sale of foreign patent 
rights to subsidiary companies and that they had claims 
pending i the British Government. 

In connection with Michell’s patent for thrust bear- 
ings, it was held that the invention was very meritor- 
ious and the remuneration of the inventor inadequate. 
The remuneration of the imvenfor had been about 
15,0002. An extension of seven years was, therefore, 

ted. This patent has been fully described 
GINEERING. as 
The Fleming and Gale patent for trawl net otter 
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boards was held to be of great practical utility and was |: 


extended for three years. 

Muir’s t for shock absorbers, —s isi a 
ball chamber surrounding the central hub o ‘ewhed 
and containing a number of balls superimposed in 
layers and having a free s so that they can receive 
and distribute the shocks by sli ing over one another, 
wee hE C00 Gee See so different from 
anything that had suggested before that an ex- 
tension would not interfere with any vested interest. 
The patent was extended for seven years. 

Grant of Patents.—Several important decisions 
were given by the chief examiner and by the law 
officer on the principles governing the insertion of 
specific in specifications during their pro- 
cedure through the Patent Office. 

In one case, although a prior patent was admitted 
to be a pioneer patent, as it had expired the chief 
examiner refused to direct a specific reference to be 
made in a later case to it, and this refusal was upheld 
by the law officer. 

Misleading Specification.—In a patent for drying 
and preserving milk and milk-like products, it was 
held that the patent was invalid by reason of a material 
representation as to the utility and result of the 
invention contained in the specification being inaccurate 
because it was found that the fat and case in the milk 
were not as alleged obtained in a dry but otherwise 
unalterable form. This view was taken by the House 
of Lords affirming both the action of the Court of 
Appeal and of the action of the judge in the first 
instance. 

Public User.—In a case where steel of a composition 
claimed in the specification of a patent for a Tene 
tool steel had been sold prior to the date of the patent 
and any purchaser could by analysis have known what 
the composition was, the patent was held to be invalid 
and it was held unnecessary to show that the composi- 
tion had, in fact, been so ascertained or that there was 
a probability that an analysis had been made. This 
is the patent for a high-speed tool steel uced by the 
addition of up to 15 cent. of cobalt, the example 
in the specification of a high-speed tool steel of ex- 
ceptional quality being an alloy of steel with about 
0-70 per cent. carbon, 5 per cent. chromium, 18 per 
cent. tungsten, 1 per cent. vanadium, 0-75 per cent. 
molybdenum and about 4 per cent. cobalt. 

Subject Matter.—Two important cases involving 
the subject matter of patents have been , one 
on an action by the British United Shoe Machinery 
Company, Limited, and the other against the London 
General Omnibus Company, Limited. 

In the first case the patent was for a process for 
permanently securing in lasted condition the upper of 
a stitched-down boot or shoe that comprises as a 
characteristic conforming the upper to the shape of the 
last by successively presenting various points selected 
by the operator to a machine having a tool . “ 
which forces the material of the upper into the angle 
between the side of the last and the projecting sole 
margin or between the equivalent parts of the shoe, 
and securing each portion of the upper to the sole in 
lasted position whilst it is held in the said angle by the 
tool by inserting an individual permanent fastener, 
such as a staple in the angle through the upper and 
into the sole at the selected points. At the trial it was 
— that the effect and desirability of getting the 
astening into the angle of the crease were well kn: 


own 
and that practicable permanent fasteners in the form 
of light wire staples had been used, so it was held that 
the idea comprised in the patent was not entitled to 
exceptional protection on one consideration, not to be 
practical by any means specified and the patent held 
to be invalid. 

In the second action referred to, the patent was for 
a safety device or lifeguard for motor vehicles, and it 
was upheld although side and front guards 
for tramcars were well known an unsatisfied demand 
for an efficient guard in the case of motor omnibuses 
being proved to have existed, and the problem to be 
solved in the case of such vehicles being different from 
that which had been solved in the case of tramcars. 
The patent was for a guard for motor vehicles consisting 
of a frame carried along a side of the vehicle and crossing 
the path of the rear wheels at a slight inclination. 

Sufficiency of Specification.— Privy Council 
considered on appeal from Australia certain patents 
relating to obtaining precious metals from their ores. 
They held that where an invention was for an eo prine> 
ment on an old solvent for the extraction of such 
—— metals and the i erm no 
indication of any particular way of worki inven- 
tion, ond amine os the ate of the ebhenctted 
was not pointed out, that the class of to whom 
the specification was addressed so use the new 
solvent as to destroy its efficiency and the patent was, 
therefore, invalid because of the insufficiency of the 
specification. The patented process consisted in mixing 


® solution of a bromide, a bromate, a cyanide and an} 


acid with or without. the addition of an oxidising agent 
for the formation of cyanogen bromide. 


Trade Marks.—In pc greene reg rr eg marks, 
‘registration on a special applica surname 
Burford was permitted for commercial motor vehicles 
fand Winget for certain machinery. The surname 
Avery was also allowed to be proceeded with in con- 
nection with weighing machines, but an application 
‘for the regi of a mark consisting of four figures 
in a row inner ba soap being circles, and each outer 
one a device somewhat of the shape of a pear was re- 
fused, because these were one form of perforation 
covered by letters patent for loose-leaf binder systems, 
and it was held that as the result of the registration the 

ublic would not be able to utilise the invention to the 
fall extent on the expiration of the patent. 





{INDUSTRIAL NOTES. 

In our two last issues we stated the offer made by 
Government for an increase in the miners’ wages and 
gave the result of the miners’ ballot on the said offer, 
the figures being for accepting the offer 442,704, and 

inst 377,569, a majority for acceptance of 65,135. 
The following is the official report of the conference 
of delegates which met on the 15th inst. to hear the 
result of the ballot :— 

“The result of the ballot was reported and was 
accepted by the conference. The chairman said a 
meeting with the Coal Controller would be held for the 
purpose of making arrangements for the payment of 
the advance, such pone to be made on April 30 or 
May 1, whichever happened to be the pay day. The 
advance will be retrospective from h 12. The 
question of the advance to workmen who are members 
of the Federation, but work at concerns not under the 
Coal Controller, was remitted to the Executive Com- 
mittee, with the clear understanding that the advance 
must be paid in their case from the same date (March 12) 
as in the case of those men within the province of 
the Coal Controller. It was also decided that a letter 
be sent to those concerns outside of the Coal Control 
Department informing them of that‘decision. The 
Secretary (Mr. Frank Hodges) intimated to the con- 
ference that a joint meeting of the representatives of 
the miners and the mine-owners, with the Coal Con- 
troller, would be held on the 29th inst., for the purpose 
of further considering the question of continuous week- 
end working and overtime.” 

Mr. W. Straker (chairman of the Business Com- 
mittee) made the official statement, and added that the 
decision to accept the result of the ballot as a settle- 
ment was unanimous and binding. Mr. W. Brace, 
M.P., on being questioned as to the attitude of South 
Wales, cutie that “‘ South Wales was as safe as 
houses.” . 


The effect of the increase contained in the accepted 
offer will be an additional cost of between 30,000, 
and 35,000,000/. perjannum. Mr. Frank Hodges esti- 
mates that 80 per cent. of the:men will come under the 
flat rate minimum, and the rest will benefit by the 
percen offer. 

The “‘Soowes are the results of several district 
votes :—South Wales, for acceptance, 47,496 ; against, 
116,621 ; 
Scotland, for, 54,708; against, 51,564. Yorkshire, for 
91,555; against, 29,388. Durham, for, 72,600; 
against, 39,438. 





In connection with this question of the advance in 
miners it is interesting to put on record a 
statement prepared by the itish Commonwealth 
Union, whose offices are at 24, Abingdon-street, 8.W. 1. 
This Union state that in the report on the coal industry 
pre by Messrs. Alfred Tongue & Co., at the request 
of the Prime Minister, the output for the year ending 
March 27, 1920 (the last Saturday in March) was 
estimated at 230,000,000 tons. In Messrs. Tongue’s 
report the output figures actually dealt with covered 


production for the period was 132,109,000 tons. 
the following 21 weeks the output was 98,560,008 
tons, so that the output for the 52 weeks down to 
March 27, 1920, was 230,669,000 tons, or 669,000 tons 
in excess of Messrs. Tongue’s estimate. Their estimate 
was based on the employment of 1,154,000 hands, 
whereas some time March 27 the number had 
reached 1,184,000. The increased number of hands 
at work should have resulted in a total output of 
about 232,000,000 tons, so that Messrs. Tongue slightly 
over-estimated the output per man. During the 13 
weeks ended March 27, 1920, the output was 61,596,000 
tons; this period did not contain any holiday time 
except New Year’s day, and therefore the equivalent 
annual output cannot be put ‘higher than 240,000,000 
tons. The average number at work appears to have 
been 1,182,000, and if the output per man had been 
igh as in 1913, the equivalent annual output 
anion ths first f 1920 near] 
man uarter 0 was 
than the output of 1913. This 


to the reduction in hours, and as 





ve been raised, apart from the 


Lancashire, for, 17,509; against, 62,466. | 


the 31 weeks up to November 1, 1919, at which date the i 


306,000,000 tons ; thus, the output | 


advance just conceded, by an amount at least equiva- 
lent,,to\the rise inthe cost’of living, it is evident that 
owing ,to the wre ee hours‘and {other causes the 
miners are profiteering heavily at{the expense of other 
workers. With the new oavases justfgranted their 
average 5 will be aboutj180 per cent. higher than 
in 1913 and for this they are only supplying 78 per 
cent, of the amount of coal per miner; the wages per 
ton have therefore risen about 230 per cent. 





Following upon a series of conferences, the various 
trade unions connected with the building trades have 
agreed upon the following conditions in regard to the 
building of houses :—{1) Guaranteed full week for all 
operatives upon housing. No man to lose 
time through forces over which he has no control, such 
as rain, &c. (2) Every building trade worker in the 
Army or =e (not being a volunteer) to be released 
atonce. (3) That non-essential buildings be suspended, 
and a tribunal be set up in districts to examine all 
claims for building outside the housing schemes,‘ and 
only by their sanction shall any such building 
Building trade unionists to have 50 per cent. represen- 
tation on such tribunals. (4) The rent of any cottage 
or flat under the housing scheme not to exceed 10s. 
per §week.# (5) That the Rents Restriction Act be 
extended until the supply of houses is equal to the 
demand. (6) In the event of the su of labour 
being insufficient Pa — the need, unions are 

pared to consider the permitting of overtime u 

using schemes only, but, as a condition of such Toe 
sidera every man must be employed. In other 
words, the unions will not sanction overtime for any 
man whilst other men are unemployed. 


A national conference of tes of unions affiliated 
to the National Federation of General-Workers was 
held last Friday in London, when it was decided to 
- forward early in May the following applications 
or advances in wages :—20s. per week for all adults, 
men and women, and 10s. per week for all under 18 
years of age, on the rates obtaining on June 1, in the 
engineering, shipbuilding and ship repairing trades, 
the workers between 18 and 21 years of age doing 
men’s work to be paid the adult rates. The same 
application is to be made in regard to all other trades. 

or women in the engineering and shipbuilding trades, 
application will be made for a 10s, per week increase 
for adults, and 5s. for those under 18, as from March 31, 
to level up both the previous engineering and shop 
repairing 


trades award. 








On page 510 of our last issue we gave further infor- 
mation with reference to the difficulty which has arisen 
in the cotton trade. Since then, the spinners have 
withdrawn the third clause oi their demand, to the 
effect thet any agreement arrived at should only be 
provi , the operatives reserving the right to re- 
\pudiate such ment in the event of any other 
section of wor being ted more favourable 
iterms than those which might be embodied in such 
provisional agreement. 

The issues as they now stand, and covering the 
three sections of the cotton trade, are defined by The 
Manchester Guardian as follows :— 


Spinners. 
Operatives’ Claim. Employers’ Reply. 
(1) Advance on current (1) No agreement on this 


wages of 60 per cent. basis possible, as claim 
is excessive. 
Government arbitration 
offered. 
(2) Payment of full (2) Cannot agree to this. 


spinning rates for the 
annual summer holi- 
days. 
Cardroom. 
Pre-war standard rates Government 
to be doubled, 75 od offered, 
cent, of the figure thus Claim excessive. 
produced to be added. 
This is equal to a 65 
per cent, advance on 
current wages, 


arbitration 


Weavers, &c. 


60 per cent, advance on 55 per cent. offered on 
current wages. standard price-list 
rates. 

This offer, which is equal 
to 224 per cent. on 
current wages, is sub- 
ject to tapers, drawers, 
sizers, &c., accepting 
an advance of only Prd 
per cent. on stan 
price-list rates. 

‘ Conferences have been held throughout the Lanca- 
shire cotton district and a ballot is to be taken of the 
spinners and cardroom operatives for or against 
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handing in strike notices, to take effect in the first week 
of May. The operatives are said to be determined not to 
accept the employers’ offer of submitting the demands 
to Government arbitration. 





With reference to this difficulty in the cotton trade, 
we may note here that Sir C. W. Macara has suggested 
that any advance of “ y given now to the Lancashire 
cotton operatives should be given in the form of co- 

’ shares, and he instances the case of the 

ford — Association, who out of a three years’ 
profit of 1,900,0001. have set apart 470,000/. for em- 
plain fact of the situation of the 


put forward. It cannot hurt trade unionism, since the 
trade union leaders would be in a more responsible 
position than ever, having to follow the money in- 
vested in the industry on behalf of their members. 
The scheme would meet a crisis in the industry; it 
would help to find the large amount of extra capital 
necessary for meeting the enormously enhanced values 
of the day; and it would give the workers a position 
and power in the industry they have never before 
oceupied. Further, unless the workers take a share in 
finding capital for the industry, I do not see, in view 
of the obvious signs of exhaustion in outside sources, 
how the best use is to be made of the opportunities 
which are awaiting us in so many directions. There 
are, I know, schemes already in existence in indi- 
vidual mills, but the idea of the partnership of the 
workers should be carried out throughout the whole 
industry, and should be as rea bre exactly adhered 
to as the lists. Only in that way can we avoid 
a state of things in which great and fatal inequalities 
between different concerns in the industry will produce 
® vicious and unhealthy competition.” 





The Ministry of Labour state that in most of the 
principal industries employment was in March, 
and better, on the¥whole, than in February. The 
percentage unemployed fell during the month from 
4-4 to 3-6 among workpeople (skilled and unskilled) in 
industries covered by the Unemployment Insurance 
Acts and from 1-6 to 1-1 among the members of certain 
trade unions (mainly of skilled workmen) from which 
statistics are obtained. The number of men and 
women on the live registers of the Employment 
Exchanges at April 1 was 337,854, a decrease of 66,071 
on a month earlier. The decreases were largely due to 
the improvement in the engineering trades, following 
upon the recovery from the effects of the recent dispute 
at the iron foundries. At coal mines and in the metal 
industries employment was good on the whole. In the 
textile trades employment was good generally, except 
in the Irish linen trade, and in the clothing trades it 
was, on the whole, fairly good. Workpeople in the 
brick, cement, pottery, , building, -working, 
= and printing trades continued well employed. 

killed agricultural workers were in demand. ith 
dock and riverside labourers the state of employment 
varied greatly at different ports. The number of trade 
disputes beginning in March was 184. In addition, 
58 disputes which began before March were still in 
progress at the beginning of the month. The total 
number of workpeople directly or indirectly involved 
in all these disputes, new or old, was about 134,000, as 
compared with about 110,000 in the previous month, 
and about 223,000 in March, 1919. The estimated 
aggregate duration of all trade disputes during the 
month was about 788,000 days, as compared with 
450,000 days in February, 1920, and 1,139,000 days in 
March, 1919. The changes in rates of wages reported 
to the department as having been arranged to come 
into operation in March, with effect from that month 
or from earlier dates, resulted in a net increase of 
over 100,000/. in the weekly wages of nearly 340,000 
workpeople. The pri 7 increases affected tramway 
per tae and ia! Matin in the paper-making, coach- 
building, flour milling and leather-producing industries, 
Changes in hours of labour during March 
affected about 61,000 workpeople, whose hours were 
reduced by an average of about six per week. The 
principal changes occurred in the jute and lace indus- 
tries. The eral level of rétail prices, taking into 
account food, clothing, fuel and light, &c., as well as 
rents, at April 1, was about 132 per cent. above the 
level of July, 1914, assuming the same quantities and, 
so far as possible, the same qualities of each article 
purchased at the present time as before the war. 





Last Monday @ conference was held at the offices 
of the Port of Authority between a Committee 
of the National Council of the Port Labour Employers 
and of the National Transport Workers’ Federation, 
with the object of giving effect to the report of the 
Court of Inquiry on the dockers’ minimum of 16s. per 
day. Lord Devonport (chairman of the Port of 





London Authority) attended the conference, at which |) 


it was agreed to issue the following statement: “ The 
Port Emp! will accept the report as a whole, it 
being that a joint committee of both sides forth- 
with work out and settle the following essential details 
arising out of the report : (1) To whom does this report 
apply—{a) Grades Wace. wad (5) ports ; (2) Settlement 
of differentials; (3) Basis for revision of piece-work 
rates; (4) Saf bservance of hours of working 
and other ts. Points of difference arisin, 
thereafter on the definition of gradesfand sections o 
workers, and¥details of working and in the¥actual 
carrying out of the agreement, to be settled by sub- 
mission to an independent arbitrator agreed upon 
between the ies, his decision to be final and accepted 
by both sides, or some other effective method 
to be mutually agreed upon, the object in view being 
the stoppage of sectional strikes.” 

The Joint Committee met again on Tuesday to settle 

ints of detail, and adjourned in order to meet Sir Eric 
Geddes at the Ministry of Transport." It is to sit daily 
until all details have been agreed upon. Mr. E. Bevin 
said he anticipated that the committee would become 
a permanent body in some form. 





University or Lonpon, Kixe’s Cotnece: SPEciaL 
ADVANCED LECTURES—METALLOGRAPHY FOR ENGINEERS. 
—We are requested to note that the first of the course 
of lectures on ‘“Metallography for Engineers,” by 
Dr. Walter Rosenhain, F.R.8., of the National Physical 


Laboratory, will be given on Tuesday, May 13, at 6 p.m., 
and not on May Oanpiustouslyy ennaunesd. 


Tue tatz Mr. Frank Epwarp Priest.—We regret 
to have to announce the death, which occurred on the 
14th inst., at Hampstead, of Mr. Frank Edward Priest, 
M.Inst.C.E., Tranmere Park, Birkenhead. Mr. Priest 
was born on November 11, 1860. From 1877 to 1882 he 
served as a pupil under Mr. Beloe, and was engaged by 
him as an assistant, ——— upon the —— and 
construction of tramways at asey, Wigan, St. Helens, 
Wavertree and Bootle. From 1883 to 1884 he was 

on the Eastham, Hoolton and Childer Thornton 
Water Supply. Mr. Priest also carried out the Hoylake 
and West Kirby Sewerage Works as well as the con- 
struction of roads at these latter places. During these 
early periods of his career he also gained experience in 
the ign of structures. In 1891, Mr. Priest became 
chief assistant to Mr. Beloe ; in December of that year 
he entered into partnership with him and took an active 
= in all the works carried out by the firm. They 
uilt water works, road and sewerage works, at a number 
of places throughout the United Kingdom. Mr. Priest 
made extensive investigations on the Mersey and its 
estuary, and from 1894 to 1896 gave evidence thereon 
in Law and Arbitration Courts and Committees of both 
Houses of Parliament, on behalf of the Mersey Docks 
and Harbour Board, with reference to the Manchester 
Ship Canal. Mr. Priest also took a great interest in 
aeronautical matters, and at the time of his death he was 
chairman of Messrs. A. V. Roe and Co., Limited, the 
well-known aircraft manufacturers. He was elected 
a member of the Institution of Civil Enginees in 1896. 








Consornt Boarp or Sorenriric Socretres.—The 
third annual report for the year 1919 of the Conjoint 
Board of Scientific Societies, has been issued, The 
Committee on the Water Power of the Empire, with 
Sir Dugald Clerk chairman and Professor A. H. Gibson 
secretary, drew up a second report, in which they are 
able to claim that they have stimulated interest in 
water- investigations in many parts of the Empire. 
In India, Ceylon, British Guiana, Australia, the Union 
of South Africa, and the East Africa Protectorate, steps 
are being taken by the appointment of Commissions or 
committees, or by preliminary investigation and survey, 
to estimate the Laer owe supplies which will be 
available, and in several inst the « ittee has 
been asked to give guidance and assistance. Much new 
development is taking place in New Zealand. A pro- 

has been put forward to hold an Imperial Water- 

ower Conference in London. Attention is drawn to 
the ral lack of facilities in universities and technical 
institutes for the specialised training of young men in 
hydro-electric engineering. The Committee on Joint 
Buildings for Scientific and Technical Societies, of which 
Sir Robert Hadfield is chairman, has sent deputations 
to Sir Alfred Mond and Mr. Stanley Baldwin, in order 
to put forward its opinion that there is a need for 
better and more centralised acco ion for the 
technological and scientific societies. The committee 
roposes to continue its effort. The Patent Laws 
mmittee drew up a series of recommendations which 
were adopted by the Board and transmitted to the 
Federation of British Industries for use in its endeavour 
to introduce modifications into the new Patent Laws. 
Other work summarised in the relates to such 
subjects as the supply of timber for aeroplanes, the 





establishment of geop ‘ical and petrophysical institutes, 
and the place of science in warfare. The Board 
also taken its in the discussion of the formation of 


National and International Research Councils, and in 
advocating the publication of a work devoted to the 
Mineral Resources of the Empire. The Bulletin, which is 
printed and issued te the conjoint societies and the 
members of the Board, gives a forecast of the meetings 
of the societies and an early announcement of the papers 
to be read thereat. 


a 


has concerning East Coast 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 
Searcity"of Materials.—Genuine anxiety is apparent in 
uring circles respecting the in ing scarcity 
of raw and semi-finished materials. The larger s have 
Es difficulty in securing full contract commitments. 
ers are booked up to such an extent that it is almost 
impossible to place new business except at prohibitive 
premiums on the already un rates, while 
the smaller manufacturing concerns relying on merchanis 
and contractors, are thrown m day-to-day supplies, 
and are having considerable di = keeping works 
running. At a meeting of the Federation of British 
Industries in Sheffield, Sir William B. Peat advised a 
cautious policy respecting organisation of iron and steel 
concerns, and said it was whi and there that 
a rationing scheme might be necessary. 


Increase of Excess ~¢ = Tazx.—Commenting on the 
Government’s = . A. J. Hobson, of Sheffield, 
president-elect of Associated Chambers of Commerce, 
said the trouble about the increase was that the duty 
was extraordinarily unfair between firm and firm. The 
new tax of 1s. in the pound on industrial profits, if spread 
over the whole industry, would recommend itself as a 
fairer tax than the Excess Profits Duty. If there was to 
be a tax on industry it should be on ail industry and not 
only on limited companies. 

Iron and Steel.—The heavy engineering trades are 
experiencing a period of greater activity than has been 
known since the armistice, and this despite transport 
delays, wagon shortage, inadequat pplies of basic 
materials, and, in some cases, restricted output. Business 
in railway axles, tyres, wheels, engine tu and con- 
structional steel has improved considerably both on home 
and export account. Colonial purchases of railway steel 
have increased greatly during the past few months. 
There is also a larger demand for shipment ‘respecting 
high-speed and other special steels, and makers of steel 

joys are in a better position than they have occupied 
since the end of the war. British cugpeenaions are coming 
forward much more freely with orders for rolling-stock 
and material for renewals and repairs. One Yorkshire 
——— has intimated its intention of setting aside 
half-a-million pounds primarily for the purchase of new 
vehicles. A certain number of these are to be the latest 
type of trackless motor buses. The pressure on mild 
steel products, and on plate sheets and wire rope, is 
intense. There are si of German competition for 
foreign orders in the Hast, but that competition is so 
far insufficient to affect British prices. One of Sheffield’s 
largest engineering firms is gan ay the production 
of motor car frames on a la: scale, The problem of 
securing sufficient skilled labour for this and other 
technical work is causing some anxiety. 

South Yorkshire Coal Trade.—Engineering firms and 
iron and steel works are making strong complaints 
ee the deficiency in contract supplies. The big 
fuel-consuming de ments have difficulty in maintain- 
ing regular working at the current rate of delivery. 
In many cases they have made serious inroads into 
emergency stocks. Unless the position improves, it is 
not unlikely that works will be compelled to restrict 
production. The shortage of melting coke and gas nuts 
is also handicapping industrial users. In the house-coal 
market there is still a large accumulation of orders. 
Wagons are being held up an inordinate length of time. 
Many privately-owned vehicles have not put in an 
appearance at local depéts since the holidays. All 
qualities of coke are scarce. Quotations :—Best branch 
handpicked, 23s. to 24s.; Barnsley best Silkstone, 
238. to 23s. 6d.; Derbyshire best brights, 21s. to 22s. ; 
Derbyshire house coal, 18s. 6d. to 198.; Derbyshire 
best large nuts, 18s. 6d. to 19s. 6d.; Derbyshire small 
nuts, 278. 6d. to 28s. 6d.; Yorkshire hards, 28s. 6d. to 
298. 6d. ; Derbyshire hards, 28s. 6d, to 29s. 6d. ; rough 
om 248, to 258.; nutty, 238. to 248.; smalls, 19s. 
to 20s. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Conditions in the Cleveland 
pig-iron trade do not improve. Supplies still fall very 
considerably short of requirements and distribution is 
most seriously hampered by the truck shortage. Pressure 
on the railways is being relieved by traders making more 
and more use of steamers for delivery to home customers, 
and nearly all the iron going to Scotland is now being 
sent by sea, but still the railways are quite unable to 
deal with the demands made upon them. A general 
feeling prevails that prices of Cleveland pig-iron will 
be further advanced in the very near future, and makers 
are inserting a protecting clause in contracts requesting 
customers to pay quotations ruling at the time of 
delivery. It is difficult to purchase iron for export, 
even to the Allies, as home needs are such that they could 
easily absorb the whole of the output. For home 
consumption, No. 1 Cleveland pig-iron is 212s. 6d. and 
No. 3, as well as the commoner descriptions, is 200s. ; 
while the quotations are 217s. 6d. and 205s., respectively, 
for shipment to France, Belgium and Italy. 


Hematite Iron.—Ve little new is ascertainable 
matite. Meine. axe penseely 
well placed, and are not pressing sales, merchants 
have little iron to dispose of, so that opportunity ‘or 
trading is very limited. No. 1 is 262s, 6d. for home use, 
and 267s. 6d, for to France, Belgium and Itely, 
and mixed Nos. are 260s. for home purposes and 265s. for 
despatch to the Allies. 
Poreign Ore.—An unstead 

prevails in foreign ore, ond 


and certainly easier feeling 
falling freights favour the 
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view of buyers that values will be lower, but several 
sellers still eling to the hope and belief that they will 
be able to put business through on substantially higher 
terms than the latest transactions recorded, viz., 49s. for 
rubio, of 50 per cent. quality, on the 17s. freight parity, 
ibe -aiiacbeonts. which makes the ex-ship Tees 
value of best rubio, 65s., as the steamers from the 
Spanish ore port are now being chartered at 33s. Con- 
sumers are again carrying rather considerable stocks of 
foreign ore, and at present, are not keen buyers. 


Coke-—Coke keeps scarce and stiff. Average blast- 
furnace kind is 55s. 6d. at the ovens, and low phosphorus 
quality is 58s. at the ovens. 


Manufactured Iron and Steel.—The finished iron and 
steel industry presents no new feature of moment. 
Manufacturers are too full of work, and too much in 
arrears with deliveries to entertain new business to 4 
extent. The huge stocks of steel cannot be dealt wit 
owing to lack of transport facilities, and this while 
customers are clamouring for supplies against contracts. 
Common iron bars are 26l.; marked bars, 28/.; steel 
ship, bridge and tank plates, 22/.; angles, 211. 10s.; 
rivets, 331.; steel boiler plates, 287. 108.; steel joists, 
211. 108.; packing steel (parallel), 187. 5e. ; pecking 
steel (tapered), 22/. 10s.; steel strip, 271. 108.; stee 
hoops, 271. 108. ; soft steel billets, 22/. 10s. ; hard steel 
billets, 237. 10s.; heavy sections of steel rails, 21/. ; 
fish plates and sleepers, 261. ; black sheets, 45/.; and 
galvanised corrugated sheets, 567. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scotch Steel Trade.—There is no abatement in the 
demand for steel material and all classes of stuff are 
eagerly sought after. The present activity has never 
been equalled or even approached within memory, and 
history of a very special kind is now being made. In 
past years we have had periodical runs on certain lines, 
but never a period of activity of so prolonged or of so 
general a character as during recent months. One point 
worth noting is that the end of the prevailing conditions 
is not within sight and buyers are anxious to fix up lots 
for delivery well into next year, and while makers are 
not over desirous to commit themselves so far ahead 
a limited amount of material has been booked well 
forward. The home trade is still most favourably 
considered, but a fair tonnage, sold to merchants a good 
long time ago, is now finding its way abroad at very 
excellent prices. Mills are all being kept running 
steadily, and the weekly distribution of plates is not 
nearly sufficient for requirements, and shipbuilders have, 
of necessity, to go easy. ‘This is not a very satisfactory 
state of affairs when the cry for new tonnage is so pressing 
and builders have so much work on hand, but we are 
passing through abnormal times, and present conditions 
cannot be bettered. Sectional material is also in great 
demand, and there are many buyers for every ton 
produced. In the case of black sheets the position has 
not changed in the slightest degree, and makers are 
head-over-ears in work and have repeatedly to turn 
down very favourable lines which in pre-war days would 
have been run after. Galvanised sheets, even at to-day’s 
extraordinary high price, are the subject of good business, 
both for the home market and for export. With the 
great bulk of to-day’s output being consumed at home 
there is really very little material available for export, 
and so the general shipping trade shows no signs of 
opening out in the meantime. 


Malleable Iron Trade.—In the malleable iron works 
in the West of Scotland there is a great amount of 
activity, and all classes of customers are pressing for 
delivery of their orders. Bookings in recent months 
were very heavy, and makers have now so many orders 
on hand that they are unwilling to even quote for new 
business. There is a large demand in the market for 
the agricultural industry, and other trades are alike in 
the request that their business may receive early con- 
sideration. 


Scotch Pig-Iron Trade.—Scotch pig-iron makers 
continue to be as busy as ever, and the demand from 
consumers is still a long way greater than they can 
possibly meet. No. 1 foundry iron is very scarce, and 
is thus hampering business, and if the present output 
could only be increased by about 100 per cent. it could 
all be rapidly disposed of locally. Hematite iron is in 
great demand by the various steel works, owing to the 
large amount of steel material booked, but the supply 
is rather limited in the meantime. Prices remain very 
firm and have even an upward tendency, and it is quite 
within the bounds of possibility that another advance 
will be made in prices in the near future as on-cost 

have lately been rising. Export business is very small 
indeed, and much expansion in that direction is not 
anticipated in the near future. 


General_—_The engineering and allied trades are 
at present very busy, and a large amount of new stuff 
is being turned out. The difficulty in securing aan 
Supplics of material from the steel and iron works is 
Somewhat retarding operations, but a certain amount 
of material from America has been coming in, and this 
has helped things along a bit. Shipbuilders are in much 
the same position as other s—plenty of work 
— = ae from short deliveries of steel and 

» &e. ail makers are doing a very large trade, 
and have well filled order books, ‘hile a similar report 
comes from the tube makers in this district. All prices 





are very high, and as w — mounting —— fe 
6) 


and fuel is likely to mark another advance shortly, 





— quotations all round are anticipated in the near 





NOTES FROM THE SOUTH-WEST. 
CarpiFF, Wednesday. 
The Coal Markets.—The outstanding event of the past 
week was news from Sir Thomas Watson, chairman of 
the Coal and Coke Supplies Committee of South Wales, 
to the effect that the Goal Controller pro to reduce 
coal e by about one-half. No further information 
of a ite character has transpired in connection 
with this statement, but the news was sufficient to cause 
something like a sensation in the coal industry, as the 
effects of such a proposal, if brought into practice, will 
be disastrous to a hy local = and shipping indus- 
tries, partic the latter. ready the quantity of 
coal een he local docks for shipment is insuffictent 
to keep all loadi appliances fully employed, and the 
result is that in addition to congested docks there are 
nearly 100 vessels in the roads waiting for cargoes or 
bunkers. Some of these ships have been waiting for 
weeks. Typical instances are that of a steamer of 
7,000 tons which waited five weeks for a cargo for Perim, 
a Swedish steamer which waited a month for 2,000 tons 
for Carlskrona and then went to Liverpool in ballast 
to load general cargo, and a 5,000-tonner which, after 
aiting a month for a cargo for Gibraltar, proceeded to 
South America in ballast for a homeward cargo. At the 
present rate exports from South Wales would amount 
to about 20,000,000 tons per annum compared with 
30,000,000 tons in 1913, and if the Coal Controller's 
proposal become operative the ex would be reduced 
to 10,000,000 tons a year. T seriousness of the 
position will be realised from these details, and the only 
means by which such drastic restrictions can be avoided 
is by a substantial increase in the coal output. A 
number of South Wales miners have handed in their 
notices to terminate contracts on May lin connection 
with a dispute at the Nine-Mile Point collieries, but 
over half the men in the coalfield have refused to cease 
work in sympathy with the men directly affected, and 
there is a hope that the decision of the South Wales 
Miners’ Federation to bring about a general stoppage 
will be abandoned though there is every probability 
that a number of isolated stoppages will take place. 
Exports of coal from South Wales last week totalled 
243,335 tons, of which 181,038 tons went from Cardiff, 
35,068 tons from Newport, 15,246 tons from Swansea and 
11,983 tons from Port Talbot. Large quantities of coal 
continue to be sent to inland consumers and collieries 
are so full up with allocation business that they have 
practically no coal for dis 1. Prices in the cireum- 
stances are nominal on t basis of 115s. for large, 
107s. 6d. throughs and 95s. smalls. 


The Iron and Steel Trades.—The Budget proposals 
have been the principal subject of interest, and the 
general opinion is that the result of increased taxation 
will be a further advance in the price of iron and steel, 
as it is recognised that the increased taxation will be 

on to the consumer. At the moment the demand 
for tin plates is quiet and prices have slightly eased, 
but makers generally are fully booked up with orders 
and the easiness is more nominal than real. For the 
basis box the price ranges from 75s. to 76s. for next 
month’s delivery. Steel bars are firm at 30/. to 365i. 
per ton and galvanised sheets are steady at 56/. and 
upwards for 24-gauge corrugateds. 





New Works at Port oF WELLINGTON, NEW ZEALAND. 
—tThe office of H.M. Trade Commissioner at Wellington 
informs the Department of Overseas Trade that at a 
meeting of the Wellington Harbour Board held recently 
it was ided to adopt the report of the engineer to the 
Harbour Board ing the peagnnate of future works 
which were approved & the last year. The 
gn a estimated cost of the works is 811,000/. 

particulars of most of the schemes, together with 
full information megeeding the port, are given in the 
Year Book of the Wellington Harbour Board, a copy of 
which may be consulted on application to the Shipping 
and a qa Section of the one of Overseas 
Trade, 73, inghall-street, E.C. 2. 





Iron anp STEEL in CANADA IN 1918.—From a booklet 
recently issued by the Department of Mines, Canada, 
we it stated that the actual quantity of iron ore 
derived from Canadian iron mines ey | 1918 was, 
with the exception of the year 1911, the lowest since 
1900. During the past eighteen years the production has 
varied between a minimum of 122,000 tons and a maxi- 
mum of 404,000 tons, and for many years has not con- 
tributed more than 5 per cent. of domestic requirements 
in iron. Metall based upon imported ores has 
continued to develop, and in both pig-iron and steel 
attained its maximum output romp | 1918; it is still, 
however, supplying but a fraction of Canada’s require- 
ments in manufactured iron and steel products. The 
following figures, given in short tons, will be found of 
interest : m ore ship from mines, 211,608; 
Canadian iron ore ¢ to blast furnaces, 96,745 ; 
imported iron ore charged to blast furnaces, 2,146,995 ; 
iron ore charged to steel furnaces, 48,599 ; pig-iron made 
in blast furnaces, 1,163,520; pig-iron made in electric 
furnaces, 32,031; pig-iron and ferro-alloys exported, 
25,911; pig-iron imported, 67,397; ferro-alloys made 
44,704 ; Garoallers imported, 35,284; pig-iron and 
ferro-alloy consumption, 1,316,025 ; pig-iron used in steel 
furnaces, 897,537; steel ingots an ——— made, 
1,873,708; steel rails made, 162,747; ian coke 
used in blast furnaces, 561,135; imported coke used in 

furnaces, 861,522; iron and steel imported, 
786,097. Of 20 blast furnaces 15 were in blast in 1918 
ior varying i of time. The total of 1,873,708 
short tons steel ingots and castings given above 
is made up of open-hearth steel, 1,746,334; electric 
steel, 119,130; crucible and converter steels, 8,244, 





NOTICES OF MEETINGS. 


Tue InstrruTIoN oF Mecuantcan ENGINEERS.— 
Friday, April 23, at 6 p.m., General Meeting at the 
Institution, Storey’s Gate, St. James’s Park, S.W. 
Papers: ‘On the Hardening of Screw-Gauges with the 
Least Distortion in Pitch” (referring to water hardening) 
and ‘“‘ On the Hardening of Screw Gauges with the Least 
Distortion in Pitch’’ (referring to oil hardening), by the 
late Mr. W. J. Lineham, of London, Member. (Revised 
by Mr. G. 'T. White, of the Goldsmiths’ College, London.) 


Tue Puysicat Society or Lonpon.—Friday, April 23, 
at 5 p.m., Meeting at the Imperial College of Science, 
Imperial Institute-road, South Kensington, London, 
8.W. The Fourth Guthrie Lecture will be delivered by 
Mr. Charles Edouard Guillaume, Director of the Bureau 
International des Poids et Mesures. Subject: ‘The 
Anomaly of the Nickel-Iron Alloys: Its Causes and Its 
Applications.” 


Tue Roya Society or Artrs.—Monday, April 26, 
at 8 p.m.: Cantor Lecture, ‘‘ Aluminium and its Alloys,”’ 
by . Walter Rosenhain, B.A., D.Sc., F.R.S., Super- 
intendent, Metallurgy Department, National Physical 
Laboratory (Lecture III). Wednesday, April 28, at 
4.30 p.m.: Ordinary Meeting, “‘ Ancient Stained Glass,’ 
by Brigadier-General Charles H. Sherrill, LL.D., United 
States Army. The Right Hon. Lord Desborough, 
K.C.V.O., will reside. 


Tue Royat AgronauticaL Socrery.—Wednesday> 
April 28, at 8 p.m., at the Royal Society of Arts, John- 
street, Adelphi, London, W.C. 2. A paper on “ Aerial 
Transport from the Business Point of View ’’ will be read 
by Major General Sir Sefton Brancker. The chair will 
be taken by Major-General Sir F. H. Sykes, G.B.E., 
Controller-General of Civil Aviation. 


Tae Ceramic Socrery: Rerractory MATERIALS 
Section.—Wednesday and Thursday, April 28 and 29, 
the Spring Meeting of the Refractory Materials Section 
of the Ceramic Society will be held in the Central School 
of Science and Technology, Stoke-on-Trent; the 
president, Sir W. J. Jones, will preside. Wednesday, 
April 28, 1l a.m.: A few words of welcome by Alderman 
P. Elliott, J.P.; ‘‘ Carboniferous Grits of Denbighshire 
and Flintshire,” by Mr. T. A. Acton, F.S.A.; “The 
Refractory Materials of the North Staffordshire District,” 
by Dr. A. Scott; ‘The Decarbonation of Canadi 
Hydro-Magnesite,” by Miss E. Uren; ‘ Determination 
of Zirconia,” by Mr. H. V. Thompson, M.A. ; Exhibition 
of Oil-burner from Glass Works—Sir William Jones, 
Messrs. J. Burton and C. Bailey. 2.30 p.m.: ‘“‘ Notes 
on the Influence of Grog in Admixture with Clay,” by 
Mr. W.C. Hancock, B.A. ; ‘‘ Fused Artificial Sillimanite,”’ 
by Mr. A. Malinovsky ; ‘‘'The Corrosion of Coke-Oven 
Walls Il,” “‘The Action of Salt on Silica and Fireclay 
Bricks,’’ by Mr. W. J. Rees; “‘ Some Light Refractory 
Products,” by Dr. A. Bigot; ‘‘ Psychological versue 
Scientific Management,” by Dr. C. 8. Myers. Thursday, 
April 29, at 9.30 a.m.: General Meeting. 10 a.m.: 
Symposium on Gas Firing, opened by Dr. E. W. Smith. 
The following will take part: Mesars. E. M. Myers, 
H. M. Ridge, Wm. Leckie, —- Richmond, A. Fielding, 
A. Meade, 8. T. Wilson, J. Dunnachie, Wm. Bayliss, 
C. W. Thomas, H. E. Copp, J. H. Marlow. “On the 
Tunnel Oven and its Development,” by Dr. A. Granger, 
Mr. B. Moore, Mr. C. Bailey, Mr. J. Burton. 12.15 p.m. : 
“The Casting of Gas Retorts,”’ by Mr. W. Emery. 
2 p.m.: Works Visits. 7.30 p.m.: Evening Lecture, 
open to the public, “The Art of Systemised Inqui 
( rch) and its Place in Industry,”’ by Professor a iE 
Armstrong. 


Tue LiverPoot ENGINEERING SocreTy.—Wednesday, 
April 28, at 8 p.m., Annual Meeting at the Royal Institu- 
tion, Colquitt-street. 


THe ASsOcIATION OF ENGINEERING AND SHIPBUILDING 
DRavGHTSMEN.—Thursday, April 29, at 7.30 p.m., 
Grammar School, Chesterfield, Mr. J. J. Nicholson, on 
**Gas Producer Plant.”’ 


Tue InstirvTion or Etecrrican ENGINEERS.— 
Thursday, April 29, at 6 p.m., at the Institution of Civil 
Engineers, reat a, Westminster, 8.W. 
‘“‘ Automatic Protective Devices for Alternating-Current 
Systems,’’ by Mr. A. E. McColl, Associate Member. 


Tue IwnstirvTion or Eeorrica, ENGINEERS: 
Stupents’ Meretinc.—Friday, April 30, at 7 p.m., at 
Faraday House, Southampton-row, W.C. The following 

per will be read: ‘Tidal Power,” by Mr. J. E. 

olmstrom. 





Tae Junior InstiruTion or Enaineers.—Friday, 
April 30, at 39, Victoria-street,8.W.1. Social Evening ; 
recently elected Members specially invited. 





CANADIAN NatTionaL Exutsition, 1920.—H.M. Trade 
Commissioner at Toronto rts that the forty-second 
annual Canadian National Exhibition will be held at 
Toronto from August 28 to September 11, next. This 
exhibition affords an excellent opportunity of bringing 
United Kingdom manufactures to the notice of the 
Canadian public. Approximately 1,000,000 visitors 
attended last year’s exhibition. Much interest in the 
exhibition is ing evinced by French manufacturers 
who have applied for considerable space for the display 
of French products. United Kingdom firms who desire 
to secure 5 for an exhibit should a ly without delay 
to Mr. Waters, Canadian National The ibition, King- 
street-east, Toronto, Canada. Information regarding 

tt exhibitions may be obtained on application to the 
ment of Overseas Trade, 35, Old Queen-street, 
Westminster, London, 8.W. 1. 
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ARMSTRONG SHIPYARD; PLATE RACKS AND PLATERS' SHED. 


(For Description see Page 540.) 
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PLaTE RACKS AND EXTERIOR OF PLATERS’ SHED. 


eet ws hd 


mA 


Fic. 110. IntTerRtorn View or CENTRAL Bay OF PLATTERS’ SHED, SHOWING STEELWORK. 
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ARMSTRONG SHIPYARD; THE PLATERS’ SHED. 


(For Description see Page 540.) 
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Fig. 111. Layrxe out Deck PLATING IN PLATERS’ SHED. 
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Fig. 112, InrTer1on View or PuLaters’ SHED FROM NORTHERN END. 
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ARMSTRONG SHIPYARD; THE 


(For Description see Page 540.) 
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3% 113. Puarers’ SHED. CENTRAL Bay, Lookina Norru. 
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PLaTersS’ SHED. WestTerRN Wine Bay, Looxine Norra. 





PLATE XXXII. ENGINEERING, Aprit 23, 1990, 


—_. 


ARMSTRONG SHIPYARD; THE PLATERS'’ SHED. 


(For Description see Page 540.) 
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PLATERS’ SHED. EASTERN Wina Bay, LooKING Soutn. 
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‘iG. 116. Prate BENpING ROLLs. 
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AGENTS FOR “ ENGINEERING.” 


vsTRaLia: Gordon and LSet, ch, Limited, omens Sydney; 
° : Brisbane ; Pert Sopoig 32 Limited, 


L my RoW. © — iimett and 


C. Rigby, Adelaide, 
—_—-* jue bing a inelvitie a Mullen, Melbourne, 


a oy Hs Satchell, 86, Rue du Tabellion. 
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STANDARDISATION OF SPECIAL 
STEELS. 
Even before the war the use of special steels 


en | possessing special properties was making sure and 
- steady progress. Engineers had got over their 
teed.| aversion to the practice of heat-treating steel 


before use because they could not deny the vast 
improvement that such treatment brought about, 
and because it gave to the steels to which it was 
applied characteristics which they desired and were 
anxious to obtain. And helped by improvements 
in industrial technique heat treatment had become 
an operation the results of which were sure and 
certain, and by experience it was found that an 
extremely wide range of tensile strength without any 
great sacrifice in toughness could, by heat treatment, 
be obtained from the different steels of special com- 
position containing one or more alloying elements. 
The difficulty lay in the choice of type when for a 
given strength a wide range of steels were offered, 
and the engineer could not decide which was suited 
for his purpose, while generally he was not a little 
bewildered by the advice offered in copious measure 
by the numerous commercial advocates of their own 
brands out for a deal at any price. And so it 
ended, as it will generally end under similar circum- 
stances, in the choice of the ordinary material the 
properties of which were already well known, so that 
its handling presented no difficulty even to the least 


to|skilled. This period of hesitating trial and pioneer. 
_ |ing was just beginning to be displaced by merited 


confidence when the war broke out and quickened 
to an incalculable degree the rate of progress. 
With the demand for guns, aero engines and tanks, 
the construction of which consumed large quantities 
of high tensile steel of special composition, grew a 
demand for steels of still higher strength and 
toughness, and this led to particularised research 
into the properties of new alloy steels and their 
heat treatment. Ideas were no sooner formed than 
they were tried in practice, failures were scrapped 
and successes were still further improved, and 


548|@very day saw the demand for special steels grow 


oor as the applications of their use were extended. 
who would never have taken the risk of 
handling such materials under normal business con- 
ditions willingly stifled their doubts for the further- 
1 | nee of a great cause and threw themselves energeti- 
"| ally into the task of mastering their troubles and 
be2| eheir lack of experience. And the result in most 
dases was brilliantly successful, while the permanent 
ect has been, and will be, of great value to our 

i industries since it has broadened their 
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yee of engineering materials. In five years 
f intensive effort there has been compressed it is 
difficult to say how many years of normal pro 

' As the result of such rapid development it is not 
unnatural that some of the conclusions reached 
must be considered to be in the nature of tentative 








opinions, and to modify or confirm them time is 
necessary to test them under everyday conditions. 

At present the designer of any part offfan engine 
can fix from his calculations what tensile strength 
the material should possess to bear the load 
with safety, but having fixed the strength of 
his steel he has the choice of several compositions 
of alloy steel, all of which can be made to 

this strength by heat treatment. The question as 
to which should be used then brings into view the 
measurement of other properties than strength and 
the share which such properties bear in the pro- 
duction of a satisfactory life of the part when in use. 
Should the elongation and contraction of the tensile 
test-piece be the sole guide in the decision? Or 
should the impact test, the fatigue range, the 
Stanton test, the bend test, the Sankey or Arnold 
form of alternate bend test, be used to discriminate. 
It is here that experimental work and experience 
are wanted to help to form a conclusion. There 
are many forms of special test available, but what 
particular property, if any, such tests measure is a 
difficult question to answer. The impact or notched- 
bar test has been growing in favour, but there are not 
a few who contend that the particular variety of 
toughness measured by this test and indicated by a 
high impact value does not give any indication of 
the usefulness or otherwise of the steel under 
examination, or bear any relation to the life in 
service. We believe, however, that this view is 
based on an erroneous idea of what the notched-bar 
test measures. When a localised stress of high 
intensity occurs in any steel part under load, local 
extension may occur and may lead also to the 
formation of small cracks which, once they are 
formed, may spread further and even lead to 
disaster. But the chances of a crack extending 
and the rate at which it will extend will depend on 
the energy required to separate the crystals without 
deforming the surrounding material contiguous to 
the surface of separation. If the crystal grains 
composing the material can be split or cleaved easily, 
then a crack once formed will require little further 
energy to cause it to spread. Now it is just this 
property of the crystal grains which the energy 
absorbed in a notched bar test measures, and since 
it is impossible to avoid the occurrence of localised 
stresses it is essential to see that if they do occur the 
material is in the correct condition to withstand 
their effects. Material which has a high impact 
or notched-bar value—and the term high is used 
here in a relative sense, since it depends on the 
tensile strength as well—is therefore safer to use 
since it is much less liable to fail under irregular 
stress distribution which cannot be avoided in 
practice. 

Specifications are intended to cover the average 
requirements and to simplify acceptance conditions, 
and in the case of special steels of high strength the 
task of the engineer would be greatly lightened 
if some of the numerous testing methods were done 
away with and the acceptance of such steels was 
based on a tensile and notched-bar test only. The 
Air Board specifications are already in existence 
on this basis, and their general adoption is strongly 
advocated. 

The largest quantities of special steels are used 
without doubt by the automobile trade, and a very 
useful contribution towards the idea of standardisa- 
tion both in type and application is set out in a paper 
read before the Institution of Automobile Engineers 
by Dr. Hatfield. In great detail he has made lists 
of all the principal parts of a motor car engine 
and transmission system, and given for each part 
the type of steel which has been used and the type of 
steel which he recommends should be used. The 
information which is contained in these lists show 
to what a great extent individual choice affects the 
type of steel used for any particular part. Take 
gudgeon pins, for instance. They have been made 
from steel with 80 tons to 90 tons tensile, from 
carbon case-hardening steel, plain carbon steel, 
3 per cent. nickel steel, nickel chrome steel, and 
tungsten steel. And then, on top of this, Dr. 
Hatfield recommends 5 per cent. nickel case- 
. | hardening steel. Steering pinions have been made 
from nickel case-hardening steel, nickel chrome case- 
hardening, air-hardening steel, chrome vanadium 
steel and even bronze. And similar diversity existe 
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for every part. The choice of type}will depend on 
two factors, suitability and cost, and in general 
where two steels are equally suitable the cheaper steel 
should be used. In Dr. Hatfield’s paper, however, 
the question of cost is not considered, and in many 
cases, for instance, a nickel steel is recommended 
where a plain carbon steel Would be equally suitable 
and much cheaper. If a tensile strength of not 
greater than 45 tons per square inch is necessary, 
then a carbon steel will fulfil all that is wanted, and 
it is needless expense to use an alloy steel in such a 
case—always provided, of course, that strength is 
the main deciding factor. 

But the effort to avoid confusion and to specify 
for each part a standardised material deserves all 
the support that can be given to it, not only for the 
automobile manufacturers’ benefit, but for the steel- 
makers’ benefit as well. There is no need to point 
out how standardisation in types must cheapen the 
cost of production, and since special steels are 
necessarily expensive it is a further argument in its 
favour. It can only be carried into effect through 
the combined efforts of the makers and the users, and 
after careful consideration has been given to the 
conditions of service of each part and to the extensive 
experience gained in the use of diverse types for the 
same purpose. But the time is ripe for this to be 
undertaken, and the paper of Dr. Hatfield focussing 
as it does some of the differences, comes at an 
opportune time. 





MAN’S DISPERSAL OF INSECT PESTS. 

Wuen Mr. H. Maxwell Lefroy, Professor of 
Entomology at the Imperial College of Science, gave 
a series of lectures on “ Insect Pests’ at the Royal 
Institution last year, he described the ravages 
wrought by locusts, weevils, boll worms, aphis, 
flies, &c., in plants and animals, and the ways in 
which these pests are being fought scientifically, 
and how we can protect our buildings, food, cattle 
and ourselves against insects. The object of his 
discourse, delivered last Friday at the same place on 
“The Menace of Man’s Dispersal of Insect Pests,” 
was different. Again, Professor Lefroy had to illus- 
trate the destruction of orchards, grain stores, cotton 
and sugar cane plantations, and to speak of the 
remedial measures, which the systematic study of 
the habits of the insects had suggested, and again 
also one could feel—though the lecturer did not 
refer to this point—that the ultimate solution of 
the insect problems will have to be worked out by 
the engineer. But his main point was that the 
menace is increasing and not diminishing, that 
damages formerly estimated in millions of dollars per 
year have swelled into millions of pounds, and that 
this spreading of the menace is man’s own doing. 
Some of these insects are formidable because they 
assail the individual plant or animal in swarms that 
kill the whole individual; others attack each 
grain singly, and yet are not less formidable owing 
to their extraordinary fecundity under favourable 
conditions. In some cases we can trace the routes 
by which they have travelled. The coffee planta- 
tions of Ceylon and India were ruined by insects 
coming from Sumatra and Java; the blow fly, fatal 
to Australian sheep flocks, was probably introduced 
there from this country; Egypt, Brazil, Mexico, 
the United States, Japan, have all originated 
plagues which have spread in various directions, 
while the sugar-cane pests of Australia and Fiji, of 
Natal and of the West Indies seem still to be dis- 
tinct and each characteristic of the locality. 

The fight against insect pests is hardly more than 
a few decades old. It has been taken up energetic- 
ally in the United States ; if little official attention 
is paid to entomologists in the United Kingdom, the 
Dominions fully recognise their utility. Why, then, 
is the menace increasing? Because, says, Professor 
Lefroy, insect pests become dangerous outside their 
own home centres, where the natural enemies are 
missing, and because increased communication 
facilities enable insects to find new homes. The war 
has made the immediate danger more grave, but 
is not directly responsible for it. In the olden days 
communication was by ship; the ships were slow, 
and insects did not survive the long journeys. Now 
ships are faster, but they still start from docks, far 
away from the breeding grounds of the insects. 
Railways come closer to those grounds, and through- 
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carriages on interlinked railways take us, our pro- 
duce and our insects right across the Continents and 
might soon carry us without changing from England 
far out to the East, into Asia and through it, 
and to Egypt and the Cape. Two important links 
in that connection were still missing, the Channel 
tunnel and the Gibraltar tunnel. The railway lines 
along the northern coast and the western coast of 
Africa, the Bagdad Railway, and lines joining the 
west of Australia to the south and east, were 
already complete or being built, and the aeroplane 
transformed journeys of days into journeys of hours, 
across lands and seas. 

Throwing pictures of a Vickers-Vimy com- 
mercial aeroplane on the screen, Professor Lefroy 
pointed out what excellent accommodation and 
shelter machines of' this class afforded also to 
travelling insects. When the machine landed at 
night the lights of the cabin attracted them, and 
whatever crawled on the ground found plenty of 
safe corners. Professor Lefroy had asked Dr. 
Mitchell to look out for insects on his projected 
aeroplane trip to the Cape. From reports available 
few insects seemed to have made use of that machine, 
but the journey had mostly been in dry heat, and 
white ants had been found on the machine—rather 
ominous! ‘There was already a brisk aeroplane 
service from South Italy via Tripoli in North Africa 
on to Cairo, “the Clapham Junction for insect-pest 
distribution,” and further east and south. The 
aeroplane brought many districts, so far separated 
by natural barriers, within easy communication. 
In Asia the barriers were mountains and deserts ; 
between West Africa and North-West Brazil, both 
centres of dreaded plagues, obstacle was an ocean 
little crossed by shipping, but easily traversed in 
one morning by flying machines. 

The dangers are, no doubt, real. Yellow fever— 
now almost confined to a few spots—malaria, 
sleeping sickness, typhoid, &c., are all propagated 
by insects and parasites, as Professor Lefroy did 
not fail to point out. He had, however, no remedial 
proposals to make. To many people a Chinese-wall 
policy would more strongly appeal at present than 
ever. People afflicted with certain diseases are 
already excluded from some countries. Passports 
and quarantum cannot be insisted upon for insects, 
which arrive hidden in the fruit, grain and produce 
we need. Scientists will further have to see how 
international traffic can be safeguarded without 
being stifled, and the engineer ought to have a 
large share in framing and supervising the rules. 





MERCHANT SHIPBUILDING. 

Aw excellent indication of the flourishing con- 
dition of the British shipbuilding industry is afforded 
by the returns just issued by Lloyd’s Register for 
the quarter ended on March 31 last. From these 
it appears that, on that date, there were no less 
than 865 merchant ships with an aggregate gross 
tonnage of 3,394,425, under construction in the 
yards of this country—an increase of over 400,000 
tons on the corresponding figure for the December 
quarter, and of nearly 1,140,000 tons over the 
figure for the first quarter of last year. In com- 
parison with pre-war times the present figure shows 
an increase of nearly 65 per cent. over the tonnage 
under construction in March, 1913, viz., 2,063,694 
tons, which was the record figure for that period. 
We have also regained our position as the world’s 
greatest shipbuilding nation, the tonnage now 
building in this country exceeding that under con- 
struction in the United States by 821,127 tons. 
The vessels launched during the quarter, however, 
show a distinct decrease in comparison with the 
figures for the December quarter. In the latter 
period 153 ships, making 459,354 tons, were launched, 
but in the March quarter only 131 launches took 
place, and the tonnage of these ships was 454,294. 
New vessels put in hand during the March quarter 
numbered 229, with an aggregate tonnage of 
708,031, as compared with 168 vessels having a 
total tonnage of 603,632 commenced in the last 
quarter of last year. 

More than a third of the total tonnage building 
in this country is in hand in the yards on the Clyde, 
Glasgow alone accounting for 199 ships, making 
811,022 tons together, while Greenock is responsible 





for 74 ships, with a total tonnage of 367,670. The 





figures for both these ports show a notable increase 
on those for the previous quarter, the increase in 
the case of Glasgow being 18-6 per cent., while the 
increase at Greenock is nearly 9 per cent. In the 
Newcastle district 122 vessels, with an aggregate 
tonnage of 629,408, are building, the latter figure 
representing 18-5 per cent. of the total for the whole 
country. The increase in the case of Newcastle, 
is, however, only just over 6 per cent., the tonnage 
building in December having been 593,189. The 
Belfast and Londonderry district ‘has the next 
largest shipbuilding industry, the vessels building 
there numbering 46 and amounting to 359,250 
gross tons—an increase of 6-7 per. cent in tonnage 
in comparison with the December quarter. At 
Sunderland 75 ships, with a total tonnage of 346,215, 
are now under construction, the tonnage being 
15-6 per cent. greater than that building in Decem- 
ber. The figures for the Middlesbrough district, 
on the other hand, show a slight decrease on those 
for the December quarter, the, present tonnage of 
217,790 (49 ships) being 8,130 tons Jess than was 
building at the end of last year. In the Barrow 
district, which includes Maryport and Workington, 
a certain amount of new work has been put in 
hand, the vessels building in this district now 
amounting to 14, with a total tonnage of 118,990, 
as compared with 10 ships, making 84,675 tons, in 
December; the increase in tonnage in this case 
amounts to over 40 per cent. An even larger per- 
centage increase in tonnage has occurred at Liver- 
pool, where 47 ships, with an aggregate tonnage of 
107,619, are now under construction. The tonnage 
building at this port at the end of the December 
quarter was 76,380, so that the increase amounts 
to about 42 per cent. A slight decline in work has 
taken place at Hartlepool, where the tonnage build- 
ing has fallen from 90,100 in December to 89,140 
in March, the latter tonnage being comprised in 
19 ships. At Hull the vessels building have de- 
creased in number, from 68 to 58, during the quarter, 
but in the same period the tonnage has increased 
from 62,733 to 78,168. The mean tonnage of 
vessels building at this port has thus inereased from 
920 to 1,350. 

Although none of the vessels now on the stocks 
is equal in tonnage to the “leviathans”’ built in 
pre-war days, there is a notable increase in the 
number of large ships building. Vessels in hand of 
10,000 tons and over now number 62, as compared 
with 55 at the end of December. Of those now 
building 10 come between 10,000 tons and 12,000 
tons, 29 between 12,000 tons and 15,000 tons, 
20 between 15,000 tons and 20,000 tons, and 3 be- 
tween 20,000 tons and 25,000 tons. Of the remainder 
247 are over 5,000 tons and under 10,000 tons, and 
285 are over 1,000 tons and under 5,000 tons. 

Of foreign shipbuilding countries our most for- 
midable rival is, of course, the United States, but 
the tonnage under construction in that country 
has fallen during the quarter from 2,966,515 tons 
to 2,573,298 tons, and the number of vessels in 
hand from 647 to 535. A slight decline in ship- 
building has also occurred in the British Dominions, 
in which 109 vessels, making 231,259 tons in all, 
are now in hand, as compared with 113 vessels, with 
a total tonnage of 251,480, building at the end of 
December last. The only foreign countries in 
which shipbuilding activity has increased are 
Holland, Italy and France. Holland has now 141 
ships, totalling 366,581 tons, in hand, while 
Italy, which now includes Trieste, is building 
165 ships, making 355,241 tons in all. Japan 
comes next in order of magnitude of shipbuilding 
work, the present figures for that country being 
68 ships under construction with a total ton- 
nage of 285,676; the latter figure is, however, 
23,798 tons less than the corresponding figure for 
the December quarter. In France the number of 
vessels building, viz., 65, has not altered during 
the quarter, but the tonnage has increased from 
216,775 to 240,225. The only other countries with 
vessels totalling over 100,000 tons in hand are 
Sweden and Denmark. the tonnages for these 
countries being 118,553 (73 ships) and 114851 
(62 ships) respectively. Excluding Germany, for 
which country figures are not yet available, the 
vessels building abroad number 1,340, and the 
aggregate tonnage amounts to 4,547,525. Adding 
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to these the figures previously given for Great 
Britain and Ireland, we get the total number of 
vessels building for the whole world as 2,205, and 
the total tonnage under construction as 7,941,950. 
These figures, when compared with those for the 
first quarter of 1913, in which the pre-war record 
for this country was reached, show clearly how the 
shipbuilding nations of the world are endeavouring 
not only to replace the shipping lost in the war, 
but also to make up for the arrested natural develop- 
ment which the war occasioned. At the end of 
March, 1913, the vessels building in the whole world 
numbered 1,007, and the aggregate tonnage 
amounted to .3,440,910, so that the number of 
ships now on the stocks is more than double the 
former figure, and the tonnage has increased by 
over 130 per cent. It may also be interesting to 
note that, of the total number of ships now under 
construction, only 187, with an aggregate tonnage 
of 140,500, are sailing ships, and that only 30 
ships, making 39,613 tons together, are constructed 
of reinforced concrete. Of the latter class, the 
vessels building in this country number 11] and have 
a total tonnage of 4,255. 





THE LATE MR. WILSON WORSDELL. 

THE regretted death of Mr. Wilson Worsdell, 
which occurred suddenly at Ascot on the 14th inst., 
brought to a close a life which had a very con- 
siderable influence on modern British railway prac- 
tice. Mr. Worsdell had a wide experience early in 
his career which enabled him when the time came 
to treat problems in a broad spirit. 

Born on September 7, 1850, at Crewe, it is not 
unnatural that he early became interested in 
locomotive work. He came of Quaker stock, and 
his early education was obtained at a school of the 
Society of Friends at Ackworth. At the age of six- 
teen he returned to Crewe and entered the drawing 
office of the locomotive department of the London 
and North-Western Railway, but this was only in 
the nature of a stop-gap while arrangements were 
being made for him to go abroad. In little more 
than six months he was crossing the Atlantic to start 
as a pupil in the Altoona locomotive shops of 
Pennsylvania Railroad, under the then superin- 
tendent of motive power, Dr. E. Williams, who was 
subsequently one of the notable members of the firm 
of Messrs. Burnham, Williams and Co., now known 
as the Baldwin Locomotive Works, Philadelphia, Pa., 
U.S.A. Young Worsdell was with the Pennsylvania 
Railroad for four and a half years, returning to 
England in 1871, when he again entered the loco- 
motive department of the London and North- 
Western Railway at Crewe. After some time there 
in the erecting shops and drawing office he went, at 
the age of twenty-four, to Stafford as assistant fore- 
man in the running sheds, a position he retained till 
1876, when he was promoted to foreman at Bush- 
bury Junction. Two years later saw him in charge 
at Chester. This position he held till 1883, when 
he was appointed assistant mechanical engineer on 
the North-Eastern Railway, at Gateshead, by Mr. 
Alexander McDonnell, who was then the locomotive 
superintendent of that line. 

In 1886, Mr. Thomas W. Worsdell transferred 
his services from the Great Eastern Railway to 
the North-Eastern Railway, as locomotive super- 
intendent, and Mr. Wilson Worsdell served under his 
brother until the latter retired in 1890, when 
Mr. Wilson Worsdell was appointed superintendent. 
This position he retained till 1910, when he retired 
after twenty-seven years’ service on the railway, in 
charge of the locomotive, carriage, and wagon 
departments. 

Mr. Wilson Worsdell was thus connected with the 
North-Eastern Railway during one of the most 
interesting periods of British locomotive history. 
Mr. T. W. Worsdell, during his term of office was 
responsible for the construction of a large number 
of Worsdell-Von Borries compound locomotives. 
These engines did excellent work in their day, many 
of them holding very good records for speed and 
economy. They were, however, handicapped when 
the train loads began to mount up, and Mr. Wilson 

Vorsdell followed his brother just at a time when 
this question was beginning to demand greater 
attention than economy. Mr. T. W. Worsdell had 
built several classes of four-coupled bogie engines 


as well as singles. His brother at first turned his 
attention mainly to the development of the four- 
coupled type, though he also constructed some 
notable single engines. This latter type, however, 
was being almost universally discarded about this 
time for main line work owing to the increase in 
train loads. 

Mr. Wilson Worsdell’s developments led him 
ultimately to the production of a very powerful 
class of 4-4-0 engines with cylinders, 19 in. by 26 in., 
driving wheels 6 ft. 10 in. in diameter, and a working 
pressure of 200 lb. per square inch, which, of course, 
is unusual in British practice. The boilers had a 
heating surface of 1,520 sq. ft. and a grate area" of 
20 sq. ft. With so high}a pressure these engines 
were well up to any work performed by their class 
anywhere in England. Mr. Worsdell, however, 
carried matters much further. ‘Some time after 
the appearance of the “Atlantic” type in this 
country he produced an outside cylinder class of 
engine of the 4-4-2 category, ranking among the 
largest in Great Britain, which performed most 
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excellent work on the system, handling trains of 
376 tons over 124} miles (non-stop) at a booked speed 
of 52 m.p.h., on a road including many rather heavy 
graties. Some of these engines had two outside, 
20-in. by 28-in. cylinders, 200-lb. pressure, and 
weighed over 116 tons. A four-cylinder compound 
type was also tried with cylinders 144 in. and 22 in. 
by 26 in., and 225 lb. pressure. 

Mr. Worsdell in fact did not abandon the com- 
pound principle without trying it out thoroughly. 
As an intermediate step following the Worsdell— 
von Borries system he had experimented with the 
Smith three-cylinder system, of which the inventor 
was one of his officials at the time. Compounding, 
however, on the North-Eastern has gradually fallen 
into disuse and has been dropped, whether of the two, 
three or four-cylinder type, and for Mr. Worsdell’s 
later designs high-pressure cylinders only were 
adopted. 

To Mr. Worsdell belongs the credit of first intro- 
ducing the 4-6-0 type of engine into this country 
for passenger work, his first design being brought 
out in 1899. These engines had 20 in. by 26 in. 
cylinders and driving wheels 6 ft. 1 in. in diameter. 
A heavier and most successful class was later intro- 
duced with driving wheels 6 ft. 8} in. in diameter. 
The working pressure was again 200 Ib. per square 
inch. It was mainly because of their service on this 
line that the ten- wheeled six-coupled passenger type 
became popular in this country. Reference may 
also be made to Mr. Worsdell’s eight-coupled goods 





engines, one of the first classes of this type to appear 








in this country, as well as his three-cylinder 4-8-0 
shunting engine. 

In addition to locomotive work, Mr. Worsdell took 
an active part in connection with carriage and wagon 
work, the North-Eastern passenger stock during his 
regime being kept at a high standard not surpassed 
by any. With regard to wagons, Mr. Worsdell was 
an advocate of the larger capacity types, and as 
is well known the North-Eastern Company has 
been in the vanguard of this movement. Mineral 
wagons built for the railway by Mr. Worsdell have 
capacities of 15 tons, 20 tons, 32 tons and 40 tons. 
The North-Eastern Company’s dynamometer car 
designed and built by Mr. Worsdell has been of 
inestimable service not only on that company’s 
system but on others to which it has been loaned, 
and marked the commencement of a new era in 
operating economics in this country. During 
Mr. Worsdell’s time the works at Darlington were 
very considerably developed, and he was also con- 
cerned with the electrification of the Tynemouth 
branch, and many improvements in coal shipping 
appliances at the company’s docks, &c. 

Mr. W. Worsdell was for many years a member of 
the Council of the Institution of Mechanical 
Engineers and his services were much valued by his 
colleagues. He was a Justice of the Peace. He was 
very popular with his staff and the great interest 
which he took in his men was thoroughly appre- 
ciated by them. 





VALUE IN ROADS. 

THE Roads and Transport Congress of the 
County Councils Association, which was held in 
November last, is to be congratulated on its voice 
having reached the ear of authority. Consciously 
or unconsciously several of the topics then raised 
were brought by Sir H. P. Maybury into his paper 
entitled ‘“ Roads—A Review and Forecast,” read 
before the Institute of Transport on Monday last. 
We need only mention, for instance, Sir Henry's 
reference to “regional” road authorities, which 
formed the sybject of Mr. Rees Jeffrey’s paper to 
the conference; to the generally yoiced demand 
made then for better salaries for road engineers, 
and to the suggestions that small bodies should 
be grouped so as to enable competent engineers 
to be employed ; to our own reference at the time 
to the fact that railway companies would not dream 
of developing locomotives and rolling stock without 
corresponding developments in permanent way ; 
and lastly to Mr. Rees Jeffrey’s estimate of the 
value of the expenditure of the country on repairs to 
roads per head of population. It is gratifying to 
know that the responsible head of this department 
in the Ministry of Transport is alive to the trend 
of discussion among the engineers in the country. 

In addition to dealing with the cost of repairs 
per head of population, Sir Henry turned his atten- 
tion to the capital cost of the roads. Taking the 
acreage represented by the surface, and assuming an 
average figure for cost of road construction, he 
placed the value of our network of highways at about 
nine hundred millions sterling, or about 241. per head 
of population, the corresponding cost of maintenance 
being according to 1914-15 figures, about 9s. 9d. per 
head per annum, or one-third of 1d. per head per 
day. At this valuation the capital in our roads 
amounts to but two-thirds of that invested in our 
railways, which, however, have to provide rolling 
stock and terminal facilities. Sir H. Maybury says 
he doubts “whether from any other equally small 
expenditure the public reaps so large a benefit in 
business, pleasure, exercise and recreation.” The 
only competition probably comes from the sea in 
which, as a maritime nation, we are vitally in- 
terested. There we only have to provide the 
equivalent of rolling stock, and terminal facilities, 
for the organisation of the cheapest form of trans- 
port of all, to say nothing of the facilities which the 
sea Offers for pleasure, recreation, &c. 

Mr. Rees Jeffreys, in his paper at the Transport 
Congress, placed the figure for maintenance at much 
the same level as that given by Sir H. Maybury. 
Regarded as cost per head, the sum is not heavy. 
These costs are made up of labour and material 
which have changed in proportion in recent years. 
According to Sir Henry labour (including haulage 
and rolling) cost about 30 per cent. of the total 
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maintenance cost before the war. Now with the 
total cost 116 per cent. higher than it was then, 
labour haulage and rolling costs amount to 50 per 
cent. of the total. Clearly, in order to obtain the 
best value for the money expended in maintenance, 
it is cheaper at the present time to go in for the 
longer wearing, if more costly, surfaces, in order to 
reduce as much as possible the labour costs in sur- 
face renewal and maintenance. It has often been 
pointed out that the economics of road construction 
involve compound factors comprising several 
variables, such as cost of labour, cost of preparation, 
cost of materials, cost of laying, durability and so 
on. Life is an important item and, moreover, 
affects the question indirectly as well because of 
the disorganisation of traffic during repairs. This 
is a very real, but practically indeterminate factor— 
we refer of course to small repairs, not to re-layings. 
The cheapest road may be one actually expensive 
in first cost, and as such factors as labour rise, we 
are coming nearer and nearer to the ultimate general 
adoption of high-grade formations such as those 
embodying asphalte or concrete, which may be 
expected to give better value under the stress 
modern traffic than patched up macadam. 

The value of roads again may be referred to the 
traffic which will pass over them. Sir Henry pre- 
sented figures in his paper showing how the value of 
many of our important roads in the metropolis 
depreciated as they neared the centre of London. 
In the Mile End-road a vehicular speed of 10 miles 
per hour is practicable until Whitechapel-road and 
High-street are reached, where the average drops 
to 6-9 miles per hour. Obviously figures of this 
kind enable an approximation to be arrived at for 
the allowable cost of improvements. The main- 
tenance of the higher speed throughout means 
more service per vehicle, and actually, therefore, less 
vehicles, for which reason it is that towns with 
liberal provision of wide main streets are not 
troubled with congestion delays. Fixed obstruc- 
tions such as, for instance, a level crossing, can be 
given an actual valuation as in the example taken 
by Sir H. Maybury in which one such obstruction 
to the Victoria and Albert Docks may be taken as 
responsible for a loss of time to vehicles appraised 
at 150/. per working day or, say, 46,800/. per annum. 
This on a 50 years’ 5 per cent. basis represents the 
sinking fund and interest on a loan of 850,0001. for 
which sum quite considerable improvements could 
be carried out. . 





NOTES. 
THE PROLONGATION OF PATENTS. 

Szotton 18, sub-section 1, of the Patents Act, 
1907, provided that a petition for prolongation of 
a patent for a further term must be presented at 
least six months before the expiration of the patent. 
Mr. William Brown, the managing director of 
William Simons and Co., Limited, the well-known 
builders of hopper barges and dredgers, obtained 
@ patent for an invention of improvements in hopper 
barges and dredgers, which expired on December 28, 
1916. William Simons and Co., Limited, had built 
vessels embodying the invention up to the beginning 
of the war, but in 1915 their works became a con- 
trolled establishment, and only one dredger in accord- 
ance with the patent was completed thereafter by the 
company. Section 7, sub-section 1, of the Patents 
Act of 1919, added a proviso to the sub-section 
mentioned above to the effect that the Court might 
in ite discretion extend the period within which a 
petition might be ted. Mr. Brown wished to 
have his patent extended as he had suffered loss or 
damage owing to war, and he recently applied to the 
Courts, by way of originating summons, for an 
extension of the period wi:hin which application 
might be made for the prolongation of the term of 
his patent. The matter came before Mr. Justice 
Sargent last week; he decided that the language 
of the amending proviso to the sub-section 1 quoted 
was inappropriate to the present case, as the real 
meaning of the proviso was that the Court could 
allow the petition to be presented after the period 
of six months, but before the expiration of the 
patent, and that the case came under sub-section 3 
of Section 7 of the 1919 Act, which was inserted 
to protect patentees who, by reason of the war, had 
suffered loss or damage. This new sub-section 





provides that an application by a patentee, who has 
suffered loss or damage by reason of the war, for 
prolongation of his monopoly, was to be made by 
way of originating summons, and in his lordship’s 
judgment the Court had jurisdiction to-hear and 
deal with an application for an extension of the time 
within which the Court was asked to prolong a patent, 
although the patent had expired and the application 
was made by originating summons. From this 
decision it would appear that patentees whose 
patents have expired during the war and who, 
prior to their expiration had suffered loss or damage 
by reason of the war, are allowed to apply by way 
of originating summons for an extension of the time 
in which they may make application for prolongation 
of their patent rights. 


Motor Fur SuPPtrEs. 

An atmosphere of what can only be described 
as uneasiness characterised the speeches which were 
made at the Commercial Motor Users’ Association 
annual Juncheon on the 14th inst. The uneasiness 
was concerned, not with the price of petrol, nor yet 
with the new motor vehicle taxes, but with the 
possibility of supplies of motor fuél running out. 
Mr. E. 8. Shrapnell-Smith, the Chairman, said 
that America was now exporting only one tenth of 
her total production of petrol to other countries, 
and her rate of increase of home consumption was 
so great that it appeared possible in a few years 
she might become an importer instead of an exporter 
The position was far from promising. Not more 
than 40 or 50 million gallons a year of benzol could 
be produced in this country, even if we stripped 
all the gas, and it would be at least two years 
anything could be hoped for from power alcohol... Mr. 
Shrapnell-Smith appeared to think this last source 
carried the greatest promise for the future, and stated 
that a scheme of production had been started by 
some of the distilling firms. Sir Marcus Samuel 
suggested that the best hope for the future lay in the 
development of new sources of supply and new fuels. 
The Company with which he was connected (the 
Shell) had subscribed £210,000 for the endowment 
of chemical research at Cambridge. The endow- 
ment was to be applied to the question of liquid 
fuels, but was in no way restricted to petrol 
problems. The demand for petrol was enormously 
out-stepping the supply, and deliveries to the United 
Kingdom had more than doubled since last year. 


TRADE UNIONS AND THE Law CouRTS. 


The case of Drennan and others against the 
Associated Ironmoulders of Scotland, which was 
recently decided by Lord Sands in the Court of 
Session, in Edinburgh, is an example of the difficul- 
ties which beset trade unionists when they invoke 
the aid of the law courts for the settlement of their 
internecine disputes. It arose over the vexed 
question of a holiday on May1,1919. The plaintiffs, 
who were 30 in number, were members of the 
Associated Ironmoulders of Scotland, and were 
employed in a well-known engineering establishment 
in Glasgow. A vote of the members of the union 
was taken in the shop as to whether May 1 should be 
observed as a holiday, and about 50 voted for the 
holiday and 40 against it. The moulders formed 
only a small proportion of the workers in’ the 
establishment, and as the works were open the 
plaintiffs worked as usual on May 1. For doing so 
they were reported to the district committee of the 
union, with the result that at a meeting of the 
committee a resolution was passed in the plaintiffs’ 
absence fining each of them 15s. The plaintifis 
appealed to a general district meeting, and finally 
to the Executive Council, but without success. 
Thereafter they raised an action in the Court of 
Session in which they sought to have the resolution 
declared null and void in respect of certain alleged 
irregularities in the procedure at the various meet- 
ings. The union pleaded, among its defences, the 
provisions of section 4 of the Trade Union Act, 
1871. That Act removed some of the legal dis- 
abilities which previously attached to trade unions, 
but it was provided in Section 4 that nothing in the 
Act should enable any court to entertain any 
proceedings for the enforcement of certain trade 
union agreements, among which was mentioned 
“‘ Any agreement for the payment by any person of 
any subscription or penalty to a trade union.” 





Lord Sands, in giving judgment, said that in view 
of Section 4 of the Act the fine was not enforceable, 
whether the ings at the meetings were 
regular or not, and the committee might as well 
have sentenced the plaintifis to be banished or 
decapitated. As the fine could not be enforced 
the court would not decide the question whether the 
procedure under which it had been imposed was 
in order or not... He therefore dismissed the action. 
This result was no doubt very unsatisfactory to the 
plaintiffs, because, although the courts would not 
have enforced the fine it may be presumed that the 
union has practical methods of compelling the men 
to pay it. Lord Sands clearly had this possibility 
in mind, but he said that the plaintiffs had not set 
forth in their pleadings any possible consequences 
of the non-payment of the fines, and it was not for 
the court to hunt through the rules of the union to 
find them... Even if the plaintiffs had set forth such 
matters it seems very doubtful if the court would 
have interfered, although there is a suggestion in the 
judgment that his lordship’s sympathies were with 
the plaintifis. 
THE New EvzEcrriciry BIL. 


Apparently a determined effort is to be made to 
extend the benefits of nationalisation to the business 
of electricity supply. The Bill, which provides for 
the creation of Electricity Commissioners and the 
constitution of joint electricity authorities, was 
passed at the end of last December, and already an 
Amending Bill has been brought forward by the 
Government. The clauses of the original Bill, 
which related to the establishment of District 
Boards and the compulsory purchase clauses, were 
rejected in the House of Lords, and do not appear 
in the Act which is now in being. These: rejected 
clauses, however, practically constitute the new Bill, 
which is .being brought forward. This new Bill 
would allow the Electricity Commissioners when, 
for any area, they did not consider that ‘‘ the for- 
mation of a joint electricity authority” would 
“ give proper effect to the objects of the principal 
Act” to establish a district electricity board. Such 
boards would have power of compulsory purchase 
over existing authorities, and they could be sub- 
sidised out of public money to the extent of 
£25,000,000 by the Electricity Commissioners. 
Tn view of Mr. Chamberlain’s statement on Monday, 
£25,000,000 may appear a bagatelle to those who sit 
in high places, but if the scheme goes through, this 
trivial sum will sooner or later tend to upset the 
Chancellor’s arithmetic. The new Act.says nothing 
of nationalisation, but if the buriness of electricity 
supply is going to be paid for by public money, then 
it is going to belong to the State, and if it belongs 
to the State, it is nationalised. It is to be hoped 
that the whole Bill and particularly the compulsory 
purchase clauses will be very carefully examined 
by both Houses of Parliament. 


COMMERCIAL POSSIBILITIES oF AIRSHIPS. 


Some interesting estimates of the cost of trans- 
port by airships were given in a paper read by Air- 
Commodore E. M. Maitland, C.M.G., D.8.0., before 
the Royal Society of Arte on Wednesday _ last. 
Commodore Maitland dealt with the route from 
England to India vid Cairo, and assumed. that the 
journey would be completed in two stages of 
50 hours each. Four airships, similar to the R. 38 
now under construction at Bedford, would be 
required to maintain a weekly service in each 
direction, each ship flying for 2,500 hours per 
annum and having a period of three months in the 
shed for overhaul and repairs. An airship of the 
size assumed would have a length of 695 ft., a gas 
capacity of 2,700,000 cub. ft., and°a maxinum 
speed of 70 m.p.h., while it would be capable of 
carrying a load of 15 tons for 50 hours at a con- 
tinuous air speed of 60 m.p.h. For the purposes 
of calculation, however, the speed over the ground 
was taken as 45 m.p.h., giving a yearly ground 
mileage of 112,500 foreach ship. Under commerciel 
conditions the cost of constructing four airships 
of the above-mentioned capacity, it was estimated, 
would be 800,000/., and a sum of 45,000/. was allowe¢ 
for the construction of a mooring station at Karachi. 
This, with a working capital of 200,000, brought 
the total capital expenditure to 1,045,0002, and 
interest on this, at 15 per cent., would come to 





APRIL 23, 1920. ] 


ENGINEERING. 555 








about 157,000/., or, say, 7s. per mile flown over the 
ground. The annual operating costs of each air- 
ship. allowing 40,0001. for maintenance; 40,0002. 
for depreciation, 9,0007. for crew, 12,0001. for gas 
and .30,9371.. for_oil and petrol, worked out at 
23s. 5d. per ground mile. Bases in England and 
in Cairo, it was assumed, woyld be built by the 
Government and leased to the company at a yearly 
rental of 6 per cent. of the cost of construction, and, 
on this assumption, the total cost of running each 
of the bases would amount to 116,7007. An addi- 
tional sum of 12,000/. would be required for operating 
the mooring station at Karachi, and this would 
bring the total annual cost.of the bases to 245,4001., 
which would be equivalent to lls. per ground mile, 
The total cost, including interest on capital, cost of 
operating airships and cost of running bases, would 
thus amount to 41s. 5d. per mile; and as each air- 
ship would carry # commercial load of 15 tons, the 
cost per‘ton mile would be 2s. 9d. Allowing seven 
passengers per ton, and assuming that 75 per cent. 
of the total possible number of passengers would be 
carried on-each trip, with 1 ton of mails, it appears 
that the latter-could be. carried to Egypt in two 
days for 6d. per ounce, and to India in four and a-half 
days for 1s. per ounce. The passenger rate to 
Egypt would be.502., which is about the same as 
the first-class fare by steamer, while the journey to 
India would cost'each passenger 100/., as compared 
with 651. to 701. by steamer. The whole of the 
above figures, it must be remembered, are based 
upon the performance of a moderate sized airship 
now under construction, and they could certainly 
be greatly improved upon by employing larger 
vessels. With an airship of 4,000,000 cub. ft. 
capacity, which could. now be constructed and 
housed in existing sheds, the above figure of 2s. 94d. 
per ton mile could, in Commodore Maitland’s 
opinion, be reduced to ls. 9d. It is interesting to 
compare the above figures with those given by 
Captain. Acland, on page. 520 of our last issue, for 
transport by . aeroplane, which worked out at 
10s. 6d. per ton mile, but, in this connection, the 
very different conditions assumed in the two cases 
must be borne in mind. 
RECENT ADVANCES IN X-Ray Work. 

The development of industrial radiography, the 
examination of materials by means of X-rays, 
proceeds at so rapid a rate that Major G. W. C. 
Kaye, D.Sc., lecturing on the subject at the Royal 
Institution on Tuesday, April 13 and 20, was able to 
point to several novel applications as well as to 
new points more of theoretical interest. Dr. Kaye 
had hoped to exhibit one of Professor Lilienfeld’s 
(Leipzig) new tubes, which are provided with two 
cathodes ; but the recent political disturbances had 
prevented the arrival of this apparatus. The 
additional cathode is at the one end of the tube; 
it is simply a tungsten filament which is heated by 
a battery current to produce a stream of electrons ; 
the electrons pass into the strong electric field 
between the cathode proper and the anode to which 
high potential is applied in order to impress high 
velocity upon them. X-ray tubes of metal, tried in 
O. Lodge’s laboratory one year after Réntgen’s 
discovery in 1896, Dr. Kaye mentioned, had recently 
been made of steel with water-cooled electrodes. 
Coolidge himself had, within the last two months, 
brought out bulbs made of a heavy lead glass, which 
protected the operator. In general, 3 mm. of lead 
were fortunately sufficient to stop the rays for this 
purpose; but in special experiments Rutherford 
had penetrated 1 cm. of lead, and radiographs 
had been taken through 3 in. of steel, 6 in. of 
aluminium and its alloys and 12 in. of wood. One 
of Dr. Kaye’s bulbs could be worked continuously 
at 30 milliamperes and several horse-powers without 
the use of a rectifier or interrupter. The rays 
enabled us to distinguish diamonds from paste, 
nickel steel from steel (though the atomic weights 
of iron and steel differed little from one another) ; 
they revealed the correct or faulty centring of the 
conductor in the insulation of cables, broken wires 
in the heating jackets of aeronauts, the presence of 
metallic impurities in mica and mica preparations, 
the. want of perfect sphericity in the cores of golf 
balls, the careless workmanship of war-time boots, 
&c., and were invaluable not only for the medical 
man, but also for the botanist and the zoologist 


when studying the delicate structures of plants, shells 
and organisms without having to injure them. Of 
Major Kaye’s own Wisk ie thd anminetidal of Socote, evecblieked’ in 1908 aad ct 
aeroplanes and their timber for hidden or purposel Bev Regi os : 

sieiiaheh taitin tehenand helen 00 poeta joints, Metals which, founded in 1908, elected him President 
&c.) in spars and rods, we spoke last year on the 
occasion of the Faraday Sogiety discussion of the 
examination of materials. Dr. Kaye had some fur- | he 
ther interesting specimens, especially also of welds 
and corroded metals, to show during his lectures. 
The rays that penetrate through steel are not 
always effectively stopped by the emulsion of the 
photographic plate either, unless special means are 
adopted. The emulsion may be mixed with lead 
salts ; the films are made double or multiple, the 
celluloid being sensitised on both faces and several 
such “‘ duplisised ” films may be used in series ; the 
plate is backed with a heavy metal (lead, platinum) 
which sends its own characteristics rays back in 
to the film; or the plate is placed on a fluorescent 
screen of calcium tungstate, the bluish rays of 
which strengthen the photographic effect ; this 


Society of Chemical Industry in 1881. Later, he re- 
tired from several of his societies, and his activity 






latter method is apt to impair the definition, but is 
like the others sometimes very successful. One 
British engineering firm, Dr. Kaye mentioned, 
uses directly a fluorescent screen for the examina- 
tion of their articles, dispensing with photography, 
which is a great point, of course. In America the 
slow changes in crystalline structure which occur 
in annealed and cold-worked metals are being 
studied by X-rays. The finger prints of criminals 
are made more distinct by washing the hand to be 


lead on it; and the rays have disclosed cases of 
overpainting of “old masters.” Dr. Kaye cer- 
tainly presented sufficient material to justify his 
plea for an Institute of Radiology. 





THE LATE PROFESSOR A. K. HUNTINGTON. 

THe past week has claimed many victims from the 
ranks of scientists. The news of the death of Professor 
J. A. McClelland, F.R.S., the distinguished Dublin 
y agpertn came last Friday, on the day when he had 

m announced to discourse at the Royal Institution 
on “Tons and Nuclei.” On Saturday Admiral Wilson, 
and Professor Huntington passed away. Dr. Rudolf 
Messel, F.R.S., in his younger days an assistant of 
Roscoe’s, and later known as the successful manufac- 
turer, at Silvertown, of oleum by a catalytic process of 
his own, died on Monday. Wednesday’s pers 
brought news of the deaths of Admiral J. P. Parry- 
Jones and of Dr. L. T. O’Shea, Secretary of the Institute 
of Mining Engineers. We are afraid that this list will 
have to be extended. 

About the personal life of Alfred Kirby Huntington, 
Professor of Metallury at King’s College, London, we 
can say very little. He was ofa decidedly reserved dis- 
position, and his great activity in many technical 
institutions, several of which he helped to organise, 
was unknown except to those who came in personal 
contact with him. At King’s College he was the do 
of the professorial staff, and his retirement last October, 
after forty years of teaching, seems to have depressed 
him, though this severance by no means terminated his 
scientific work. Professor Huntington was trained at 
the Royal School of Mines, South Kensington (which he 
left in 1877, with the diploma of an Associate in 
Mining and Metallurgy) and in France. Like many 
men of his period he was first attracted by chemical 
research, and worked with Guthrie on carbohydrates. 
Together with Professor W. Noel Hartley, he investi- 
gated the ultra-violet spectrum, and did other work 
in physical chemistry for British Association Com- 
mittees. Before 1880 already Huntington joined Sir 
Charles Siemens in the study of the possibilities of 
electric furnaces. Their crucible arc furnace was 
first described before the Society of Telegraph Engineers 
and Hunti published in the following . years, 
before the electric furnace attracted wider attention, 
several papers on the fusion of metals ery eo 
refractory tungsten) in plumbago crucibles. At King’s 
College, Huntington worked under Percy on gold and 
silver, and followed the late C. Loudon Bloxam in the 
ery chair. Together with W. G. McMillan 

e brought out in 1882 the second enlarged edition of 
Bloxam’s “ Metals, their Properties and Treatment ” ; 
the 1897 edition of this book, by Huntington and 
McMillan, was practically a new book. 

Hunti was one of the old members of the Iron 
and Steel Institute which was founded in 1869, and 
had a large share, twenty years later, in the establish- 
ment of the Institutiion of Mining and Metallurgy, 
whose President he became in due time. He was 
on the Council of the Institute of Chemistry in the 





eighties, and was interested in the foundation of the 
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United Kingdom at the confer- 
Fédération Aéronautique Internationale. 
with the “‘ Huntington Mill,” 


Not easily approachable, but a man of sterling 
character, lessor Huntington was generally es- 
teemed. His personal wants being small, he could make 
donations of ks and machinery to various institu- 


tions. He was a Beilby prizeman. His end came 
so suddenly as to necessitate an inquest ; the death, in 
the early morning of Saturday, April 17, was due to 
syncope and bronchitis. On the Thursday we may 
add, thanks to the courtesy of the secretaries of 
the Institute of Metals, and of the Farady Society, 
he had been discussing a paper on the recrystallisation 
of metals, which he was going to read before the June 
meeting of the Institute of Metals, and on Monday 
last he was e to preside at a committee meeting 
of the Faraday Society, though he had telephoned that 
he was not feeling well. He died in his 69th year. 





Tue Erricrency Crivus.—The Efficiency Club for 
Business and Professional Women announces 4 series 
of lectures from the 27th inst. to June 22, particulars 
concerning which, together with cards, can be obtained 
at The Triangle Secretarial Offices, 60-61, South Molton- 
street, W. 1. The lectures are open to men as well as to 
women. The Efficiency Club states that it is now actively 
developing: the second of its objects, ¢.¢., “to form a 
link between women in business and the professions,” 
the first aim being “‘ to promote greater efficiency.” 





Tue Wrui1uMm Frovpr Nationat Tanx.—The fees 
for work carried out at the William Froude National Tank, 
at the National Physical Laboratory, Teddington, will 
in future be on the following revised scale: For making 
and testing one form through a complete of speeds, 
and deducing e.h.p. curves for ship, 1401. Modifications 
will be lined out, the model altered and results obtained 
for the new form at rates varying from 20/. to 465i., 

to the work involved. These new fees will take 
effect as April 14, 1920. 





ScHo.arsuirs in Art, ScrenceE anp TECHNOLOGY.— 
The London County Council offers ee art, 
science and technology which provide free tuition and a 
grant not exceeding 1201. a year. These scholarships 
are tenable for two years and may be extended for a third 
year. Candidates must be resident within the administra- 
tive County of London, and must not be less than 
18 years — on July 31, 1920. They must have been 
in industrial employment and have been attending 

ening classes at a polytechnic, technical institute, or 
school of art. Forms of a 
obtained from the L.C.C. tion ‘ 
Embankment, W.C. 2, and must be returned by Satur- 
day, May 8. 


centre of the Bay of Algiers, and it is 
first year of the company’s existence 
hulls of three vessels of 3,000 tons to 
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THE BUILDING EXHIBITION AT 
OLYMPIA. 


(Concluded from page 519.) 


In our last issue we dealt with what from a 
mechanical engineering point of view is the main 
subject of interest at the present building exhibition 
at Olympia—that is the various concrete block- 
making machines. Our treatment of this aspect 
of the Show was not exhaustive, however, and there 
are still some examples of the class with which we 
would wish to deal. This applies particularly to 
an exhibit made by Messrs. Sutcliffe, Speakman 
and Co., Limited, of Leigh, Lancashire. The 
machine shown by this firm represents an altogether 
different order of mechanism from the majority of 
the machines exhibited. We have described these 
latter as moulding-machines. Messrs. Sutcliffe 
Speakman’s machine is more correctly described 
as a briquetting press. It is suitable for making 
concrete, or lime-sand bricks and also for making 
bricks from clays adaptable for working in the semi- 
dry state. The machine is equally suitable for 
briquetting mineral ores, flue-dust, coal, coke, &. 

The press is illustrated in Fig. 1 annexed, from 
which the general features of its construction will 
be understood. It will be clear from the figure, and 
from what we have already said, that the machine 
is of the type in which a block is formed under 
heavy pressure. It thus differs radically from the 
moulding machine class we have already dealt 
with. The press is furnished with a circular hori- 
zontally-revolving table which carries the moulds 
for the formation of the bricks or briquettes. These 
moulds are arranged in pairs, and, depending on 
their size, there are from six to eight pairs. As 
the table rotates and stops in its various working 
positions one pair of moulds is in the charging 
position, another is under pressure, and a third is 
being acted on by the ejecting ram. The feeding 
is automatic from a bin fixed above the table. 
This is not seen clearly in Fig. 1, as it is on 
the opposite side of the machine from that shown. 
The bin is fitted with revolving stirrers, and the 
quantity of material fed to the moulds is regulated 
by the hand-wheel which can be seen in the figure. 
This hand-wheel, and thus the amount of material 
fed per pair of moulds, can be regulated without 
stopping the machine, which gives in effect a 
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BriqueTTING Press; Messrs. SutcLirre, SPEAKMAN AND Co., LTD., 
Leren, Lancs, 


method of regulating the final pressure on the 
briquettes. 

Pressure is applied to the blocks from both 
above and below, through toggle mechanism of 
which the upper part is clearly to be seen in the 
figure. The final pressure is 200 tons. The ejector 
ram is actuated by a cam-operated rocking-lever 
which can be seen in the figure. The moulds are 
formed with renewable liners which can easily be 
replaced, and the liners are made reversible so that 
each gives two wearing faces. The output of the 
press is from 1,600 to as high as 2,400 bricks, or 
briquettes, per hour. It requires from 8 h.p. 
to 12 h.p., and is driven by an electric motor con- 
nected to the pinion-shaft at the back side. The 
total weight is from 15 tons to 16 tons. When 
the press is used for making coal or coke briquettes 
with pitch, or a similar binder, a heater is fitted to 
the feeding-bin. Finally, it should be said that 
the helical springs round the main columns, which 
can be seen in the figure, are for the purpose of 
balancing the weight of the heavy pressure head, 
and take no part in the transmission of the pressure. 

In addition to Messrs. Sutcliffe, Speakman’s there 
is another concrete block machine of the power- 
pressure type inthe show. This is the “‘ Manelite,”’ 
shown by Mr. C. J. Mannell, of Petra Place, Poole 
Hill, Bournemouth, W. This machine is of the 
hydraulic type, and consists of a moulding box 
placed above a vertical hydraulic ram. The box is 
filled with the concrete mixture by hand, and a 
hinged cover is then closed down and engages a 
catch at the end opposite from the hinge. Pressure 
water is then admitted under the ram which rises, 
first compressing the block against the closed lid, 
and then automatically disengaging the catch so 
that the lid, which is spring-controlled, flies open. 
The ram then ejects the formed block. Mr. Mannell 
also shows a hand-power machine on somewhat the 
same lines. These machines, in common with others 
at the exhibition, produce blocks which give inter- 
locking end joints. 

In our last article we referred to some of the 
exhibits other than block-making machines, which 
illustrate the development of economical or rapid 
methods of building suitable for domestic and other 
small structures. There are others falling within 
this class, some of which we may mention. As an 
example of a type we have not yet referred to we 





Fic. 2. Conorete TrLe MacHINE; MEssrs. 
Vickers, Liurrep, WEYBRIDGE. 


may instance the display of the Self-Sentering 
Expanded Metal Works, Limited, of 2 and 3, West 
Street, Finsbury Circus, E.C.2. One of the most 
striking features of this firm’s display is their 
“Trussit.”” This consists of corrugated sheets 
expanded or perforated, in a herring-bone pattern. 
With supports at 10 ft. centres the sheet may be 
built up into partitions or walls by filling each side 
with cement plaster. The form of the metal parts 
is such that the cement will fill up the whole of the 
interior and form a solid wall with metal reinforce- 
ment. A somewhat similar exhibit is made by The 
Expanded Metal Company, Limited, of York 
Street, Westminster. In this case two layers of the 
firm’s well-known type of expanded metal are filled 
in from one side each with cement plaster for the 
construction of a cavity wall. This firm also shows 
the application of expanded metal to the re- 
inforcement of brickwork by laying strips in the 
horizontal joints.. A brick wall 12 courses deep is 
shown overhanging about 4 ft. Messrs. Johnson's 
Reinforced Concrete Engineering Company, Limited, 
of Lever-street, Manchester, show the same thing, 
the brickwork in that case being reinforced with 
their woven wire strip. 

There are a number of exhibits of building 
material and fittings with the majority of which we 
have not space to deal. As of special interest to 
engineers in connection with factory building and 
extension we may, however, refer to a few. A fine 
show of their metal window frames is made -by The 
Crittall Manufacturing Company, Limited, of 
Braintree. The frames, properly glazed, are shown 
in position in a brick building which has been 
erected on the firm’s stand, and the effect is very 
good. This, however, is by no means the only stand 
which has been treated in this manner, and the 
exhibition contains many similar displays. It is, 
no doubt, partly owing to the subject of the exhibi- 
tion which lends itself well to constructional and 
decorative exhibits, but it should be said that in 
point of general effect the exhibitien compares 
more than favourably with the majority of the shows 
which are held in the same hail. a a 

A complete cottage consisting of a tim e 
covered with asbestos-cement materials is shown by 
the British Everite and Asbestilite Works, Limitec, 
of 29, Peter-street, Manchester. In connection with 
this exhibit there is a display of asbestos-cement 
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downspouts, gutters, &c., which are remarkably 
neatly made. Asbestos-cement building materials 
are also shown by Messrs. W. Pattison and Suc- 
cessors, of Dilton-road, Widnes, and the British 
Fibrocement Works, Limited, of Erith. These firms, 
we think, all show asbestos-cement roofing tiles of 
the class which is now generally familiar. Concrete 
roofing tiles are shown by some firms of which we 
may mention the Redhill Tile Company, Limited, of 
17, Station-road, Redhill, Surrey. A machine for 
making tiles of this class is exhibited by Messrs. 
Vickers, Limited, of Broadway, Westminster, and is 
illustrated in Fig. 2 on page 556. The machine 
consists of a moulding box in which a pallet is 
placed shaped to form one side of the tile. The 
box is then filled in and tamped by hand, and the 
superfluous material is removed and the other side 
of the tile formed by running a shaped striker the 
length of the box by hand. A box with a wire 
gauze bottom, carried on swinging links at one side 
of the machine, as shown in the figure, is then 
moved over until it lies above the formed tile. 
This box contains colouring material—red oxide 
of iron, we believe—of which a small quantity falls 
on to the surface of the tile to tint it. This colour 
is then rubbed in by the striker and a former, 
which stands up behind the box and can be seen in 
the illustration, is brought down on to it. This 
forms the end of the tile with a lock, so that when 
erected in place it will interlock with the one next 
to it. The tile is then complete and is removed 
from the box by the treadle operated ejector. 

The other illustration which we publish—Fig. 3 
on the present page—shows an interesting concrete 
road-making plant which is exhibited by Messrs. 
Stothert and Pitt, Limited, of 38, Victoria-street, 
S.W. 1, and Newark Works, Bath. This exhibit 
would not appear to come specifically within the 
terms of the word “ building,” but it is to be seen 
at the exhibition, and we are glad to have an oppor- 
tunity of dealing with it. The machine constitutes 
a self-contained, self-propelled concrete-mixing 
and spreading plant, and is particularly intended 
for the making of concrete roads. It consists 
of a carriage mounted on road wheels of which the 
front pair are arranged to swivel for steering, 





being operated by gear from the driver’s platform. 
The carriage carries a'concrete mixing-drum which 
has a capacity of 10 cub. ft. per mix. The shell 
of the drum is set in a single cast-iron ring which 
carries both the track for the supporting rollers 
and the teeth of the driving-gear. The central 
drive prevents torsion of the drum and undue wear 
of the teeth and rollers. The machine is fitted with 
a loading skip large enough to contain a full un- 
mixed batch of material. It runs on a frame built 
up of steel sections and incorporated in the main 
frame of the machine. The frame is fitted with 
cast-iron switches arranged to tip the skip as it 
moves upward on the curved guides. The skip 
is lifted by a steel wire rope from the engine. The 
hoisting barrel is operated through a cone clutch 
working in an oil bath, and operated from the 
driver’s platform. A brake is fitted, and a safety 
cut-out gear to prevent the skip over-running. 
A water tank of 18 gallons capacity is fixed on the 
main framing. The supply to the mixing-drum 
is controlled by a chain from the driver’s plat- 
form. 

To empty the mixer a discharge spout is provided, 
which projects into the drum. The mixed material 
falls from the blades on to this spout and flows 
either to the distributing skip or into a wheelbarrow 
as may be required. The skip, as will be seen 
from the figure, works on a swinging boom. It 
is built of steel plates, and is suspended from a 
trolley with gui-metal bushed rollers working on 
the boom. The bottom of the skip is in halves 
and hinged to the sides. It is held closed by chains 
and levers, and the load can be released in any 
position of the skip through a trip gear operated 
through a wire rope. The bottom doors auto- 
matically close when the skip returns to the mixer. 
The skip is traversed along the boom by means of 
a wire rope connected to a grooved racking-drum. 
The drum is driven through reversing clutches 
to allow of traverse in either direction. The 
boom, which is made from a rolled steel joist, is 
arranged either to swivel or swing. Its maximum 
inclination is about 20 deg., and the total angle of 
swing is about 140 deg. Its outer end is supported 
by a wire rope carried to a pulley at the top of the 
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main frame and connected to a drum which is 
arranged to be operated by hand. The drum is 
fitted with a locking device. 

The whole machine is driven by a twin-cylinder 
vertical petrol engine of Messrs. Lister’s make. 
It develops 10 h.p. and runs at 500 r.p.m., and 
drives the mixer through machine-cut spur-gearing 
and a Ferodo-lined clutch. A further clutch 
mechanism serves to connect the self-propelling 
gear. This is intended for moving the machine 
short distances when it is at work, and is not de- 
signed for traversing it from site to site. The 
speed of travel is about 150 ft. per minute, or 1} 
miles an hour, and the machine is capable of climb- 
ing a gradient of 1 in 50. 








AotivaTEp Stupes at WITHINeTON, MANCHESTER.— 
After experiments, a continuous-flow plant to treat 
250,000 gallons of sewage _ day on the activated e 
system was installed at the Withington Sewage Wo 
of the Manchester Corporation, in October, 1917. When 
described by Dr. Edward Ardern before the Society of 
Chemical Industry at Manchester last December, the 
plant had been in successful operation for two years, 
and no trouble had arisen, except an occasional bulking 
of the sludge in circulation. The plant consists of an 
aeration chamber, 100 ft. long, 22 ft. wide, 6 ft. deep, 
so subdivided by four walls as to form a channel, 4 ft. 
wide, 500 ft. long; the capacity is 55,000 gallons. The 
floor is constructed on the ridge and furrow system, 
the diffusers, 1 ft. sq., being placed in the furrows trans - 
versely to the flow; the net ratio of the diffusion area 
to the tank area is 1:10. Air is supplied at 3-1 Ib. 
per square inch by a Reavell com r. Thesettlement 
tank is pyramidal, 254 ft. by 264 ft. in plan, 234 ft. deep 
from water level to apex, the slope of the si bein, 
60 deg. to the horizontal. The mixture of effluent an 
sludge is disc’ through a 15-in. pipe within a guard 
chamber, and falls into a bucket suspended from the top 
of the pipe. The final effluent leaves the tank over four 
corner peripheral cells, while the sludge is discharged, by 
hydrogtatic head, from the apex through a 6-in. pipe 
to a chamber fitted with diffusers to be returned by air 
lift to the aeration chamber. At first 100,000 gallons of 
sewage were treated in 15 hours (6 a.m. to 9 p.m.) per 
day ; the charge was later increased. The diffusers had 
not become clogged, and only 8 of the 300 diffusers had 
required to be c ed, and none to be renewed. The 
sludge, greyish-brown in colour, of the smell of sea weed, 
contains about 99-5 per cent. of water ; roughly dried on 
hot plates it has answered as fertiliser in some experi- 
ments, Unfortunately, Dr. Ardern had little to say in 
his paper about the main problem extant, namely, the 
utilisation and dehydration of the sludge. 
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GROUTING OPERATIONS, CATSKILL WATER 
SUPPLY.* 


By James F. Sansorn and M. E. Zrrser, Associate 
Members, Am. Soc. C.E. 
(Continued from page 527.) 
Spzcrat Features in ConNEcTION wiTH GRoUTING. 
Time pt ol allen ay J and Quantity of Grout 
Placed.—The time uired for grouting the pressure 
tunnels varied, on the method and equipment 
used, the length of haul, the extent of the space grouted, 
and the quantity and distribution of inward amen 
Table I and the following data give the progress, force 
employed, power consumption, and other facts relating 
oe ere an miles of tunnel included in 
Section 8 of the City Tunnel, in the lower part of New 
York City. This portion of the tunnel was comparatively 
dry, there being no large, concentrated flows within the 
2 miles. The air used for grouting was sea by a 
com at the top of one of the shafts. The plant and 








equipment used for grouting on this part of the work are 
shown in Fig. 3. 2 
Taste I.—Data on ee Tunnel Grouting, Contract 67, 
ion 8. 
(Finished Diameter of Tunnel, 11 ft. and 12 ft.) 
oaraating ~Pressure 
TO : $ 
_ One Gro One G@ 
Outfit. Outfit. 
Linear feet of tunnel grouted. . 10,313 13,313 
Connections to grout pipes 170 1, 
Eight-hour 8) wor! é 72 116 
of ae placed ud 23,298 2,888 
Quantity of liquid grout placed, 
in cubic yards +e os 1,761 153 
Quantity of grout per linear 
foot of tunnel, in cubic — 0-17 0-02 
Progress per week, in linear 
feet of tunnel ae oe 2,690 1,467 











The total force employed in the tunnel and on the 
surface, avi 42 men on each shift during the low- 
pressure grouting and 34 men shift on high-pressure 
grouting, for two grouting outfits. 

Mg electrical power ee by the compressor, 

jist, li ting » pumps and tractors eggregated a) xi- 
maneely 4800 w.-hours and 5,300 kw.-hours per 1600 ft. 
of tunnel on low and high-pressure grouting, respectively, 
covering two grouting outfits. 

The cost to the city, of grouting, based on contract 

rices, averaged 5 dols. per linear foot of tunnel, on 
ontract 67. 

Quantity of Grout taken by Flowing Pipes.—The 
quantity of grout injected into the pipes varied, gency 
on the flow of water, the size of the openings in the rock, 
the back pressure, and other conditions. The quantity 
of water issuing from a flowing pipe gave some indication 
of the quantity of grout the pipe would take, but it 
was not an absolute index. An idea of the ww of 
grout taken by flowing pipes is furnished by the ex- 
—— in grouting seams in limestone in the Rondout 

iphon, where the tunnel lining was ruptured on account 
of movement in the surrounding rock when the tunnel 
was first filled with water for the purpose of testing it. 
Holes were drilled through the lining into the rock, 
and the seams were uted. A very thin grout was 
a Gye *3 lb. o ernst to : ga. _ ¢ wallos 
the case of 29 pipes flowing less t 1 on per 
minute, only 6 took more than 1 bag of cement, and the 
maximum in any one pipe was 2} bags. Of 24 pipes 
leaking from 1 gallon to 5 gallons per minute, the 
maximum quantity of grout injected into any one pi 
was 24 bags of cement, the minimum, } bag, and the 
average 4-3 bags. Of 12 pipes leaking from 5 gallons 
to 10 gallons per minute, the maximum quantity injected 
into any pipe was 7} bags, the minimum | bag, and the 
average 3-2 bags. Of 8 pipes leaking more than 10 
ons per minute, the maximum quantity injected 

to any one pipe was 198 bags, the minimum 5 
and the average 62 bags. (See Fig. 5, page 561.) 

Wals.—The method of grouting originally 
contemplated called for the construction of masonry 
cut-off walls to be built over the tunnel arch tight against 
the roof, at intervals of about 50 ft. The purpose of 
these walls was to confine the flow of grout and to grout 
the space above the tunnel arch in short stretches, the 
pressure in the stretch grouted being raised gradually 
until the maximum required pressure of 300 lb. per 
square inch was reached. It was expected that the high 
pressures would force the grout into the seams in the 
surrounding rock. The cut-off walls were to be con- 
structed so that they would retain grout under the 
maximum ure. 

In the ing efforts were made to build these 
cut-off walls, but, after some experience, it was found to 
be impracticable to make them tight against the high 
pressures. Aside from this consideration, there is 
serious objection in the case of wet stretches to dividing 
the arch into short sections and at once applying high- 
pues ut. If the ground-water is confined, the 

builds up, and on the application of high-pressure air 
to the liquid grout over the arch, the gro water will 
force an outlet into the tunnel through the transverse 
construction joints in the arch. Efforts to stop such 
leaks by drilling holes in the concrete lining and rock 
and subsequent grouting were y unsuccessful, 

After the i contem method of. building 


the out-off was an attempt was made 


to build grout cut-off walls and to grout in three stages, 
substantially as follows: A connection was made to a 
ee ee ee Se Enea and grout was 
orced in under low pressure, generally from 30 lb. to 
40 Ib., until it flowed from an adjacent pipe the upper end 
of which was at a bigher elevation. Another low 

in the roof, about 75 ft. to 100 ft. distant, was 

grouted, and the process was continued throughout a 


stretch of tunnel. If any weepers 
Caieee. ee wese pingyed. and taohaiee wens 
about 12 hours later by cleaning out the pipes with a 
ye _ Subsequently, connection was made at these holes 
SS ee 

After the grout cut-off walls had set up, the second 
8 consisted in grouting the 
cut-off walls, starti i 


& pressure of Ib. grouting 
been tried, it was found that more than 70 per cent. 
of the total quantity of grout placed was used for forming 








GENERAL DESCRIPTION 


a » Seg ay = was 
two ct 8 : Low-pressure 
gro and high-pressure grouting. The object 
of the former was primarily to fill the space at 
the top of the arch left by the shrinking of the 
concrete away from the rock and to fill openings 
at 7 and honeycombed places. The object 
of the latter was to fill open seams in the rock 
surrounding the tunnel and all pipes and pans 
placed to control water seeping into the tunnel. 


The o 
vided 


LOW-PRESSURE GROUTING. 


Each unit consisted of a grouting car equipped 
with two grout tanks, one cement car, two plat- 
forms on wheels, six flat cars, two electric 
storage tractors and three shifts of men. Air 
at a pressure of 100 Ib. per square inch at the 
— compressor was used in the machines at a pressure of 


Only pipes located in the key portion of the arch were con- 
nected to in low-pressure grouting. 

The grout hose was connected to a situated at points 
where the rock roof was low ; pipes at hig points acted as vents. 
As grout flowed along the top of the arch, first water appeared 
through joints between successive days’ work and from grou pipes 
embedded in the arch ; this water was followed grout which 
became thicker and thicker and finally clogged all leaking joints. 
All pipes running grout were stopped with den plugs and the 
valves on key pipes were closed. 

Tn low-pressure work the hose was connected directly to valves 





the | to protect the concrete 











SECTION 


siderable area. Although in numerous cases deep 
water, it was not the 

number of such holes where large wet areas were 
encountered. The use of drip pans, whereby all the 
directly to the action of th 
grout, is believed to be the best method of treatment in 
such cases. In either m penetration of the grout 
is probably very slight in the case of small in the 


In two cases where excessively wet stretches of tunnel 
were ly, in Rondout Tunnel, north of 
Shaft 4, and in the City Aqueduct Tunnel, near Shaft 24, 
light steel shells consisti SS aeen tae seen med 

i ing. (See Fig. 4. 

The space heenied the chet and honect rock was ae 
subsequently grouted. In addition, were 
drilled directly into’ the seams and grouted. Very 
ae A i ado 








libig tae tees dosalocion 
seams, circulation 
ed sien are undoubtedly very 


2’vent pipe 





— — — ~ 
Ma A Oiie Prins ns bas ct aoa) 
Dax Serge ths 


A Oe ht o5 8 ona BES? oe: 
et oH By ee Ate ee 
: 7) ~ j ‘ “/P% 


—— 

ner 
#140 
4 


EEN SHAFTS 19 AND 21 
rf. 


on key pipes instead of on the Y-branches 
shown. Grout was forced ahead 100 ft. to 
800 ft. before the machine was moyed to the 
end of the grouted . The low- 
pressure batc! bag of cement, 95 Ib. of 
sand and about 7 gallons of water. This batch 
made 2 -04 cub. ft. of liquid grout or 1 -92 cub. ft. 
of set grout. 


HIGH-PRESSURE GROUTING. 


Twenty-four hours after any section of tunnel 
had been grouted by low pressure, all pipes 
which were to be connected to were cheaned out 
to rock to allow effective treatment by high- 
pressure grouting. 

Each unit consisted of one grouting car 
equipped with one grout tank and one booster 
compressor, one cement car, two platforms on 
wheels, three flat cars and two electric storage 
tractors and generally one shift of men. Air was delivered from 
the shaft compressor to the booster compressor, which raised 
“lhe pressure to ~ +¥ plished ee 

-pressure gro was accom ed generally one 
trip over the section of tunnel. The grout hose was connected 
to the pipes by a Y-branch, as shown, to allow a rod to be forced 
in for the purpose of freeing a passage for the grout which often 
became jammed in the pipes by the high pressure. 

All grout pi that were connected to had grout forced into 
them at 300 Ib. pressure, which was maintained for 5 minutes. 
The standard high-pressure batch was 1 of cement and 
5} gallons of water, which made 1-24 cub. ft. of liquid grout or 
1-2 cub. ft. of set grout. 


Fie. 3. Merrsop or GrouTiIne In PrREssuRE TUNNEL. 


the cut-off wells. There was, therefore, little or no 
advantage in this scheme, and it was abandoned, and the 
method of grouting the entire space above the arch in 
one operation without the use of cut-off walls as already 
described, was ado , 

A fair degree o 


ttai a 


i in the use of 





was 


cut-offs in one stretch in the Rondout Tunnel, where | dri 


the shrinkage s between the concrete in the arch 


bags, | and the rock in the roof at the end of each section of arch 


was packed tight with mortar. The method of grouti 
was to fill the space above a section of the arch wit 
1: 1 grout at a pressure of about 50 lb. per square inch., 
and, after this space was filled, to continue forcing neat 
cement grout through the same connection until the hole 
refused to take grout at 300 lb. pressure. High vent 
pipes in the same section of arch were then ited under 
@ pressure of 300 lb. per square inch. conditions 
in the stretch where this method was used were very 
favourable, the arch being practically dry and the 
breakage in the roof regular. ot all the cut-offs proved 
to be tight, however, and the grout was not con in 
all cases. An interesting test, showing the reduction 
of tank pressure, was made during the grouting in this 
stretch. With an air pressure of 300 lb. per square inch 
at the grouting tank, a gauge at a distance of 15 ft. from 
the pipe connected to, regi & pressure of 160 Ib. per 
square inch, the 1:1 grout over the top of the arch 
having been in place less than 4 hours. 

In stretches of tunnel where dry packing was used 
above the arch continuously for several hundred feet, 
cut-off walls were built at intervals of from 75 ft. to 
100 ft. to avoid the flow of grout for very long distances, 
and to prevent the separation of the sand and the cement. 
Brick cut-off walls were built in connection with the 
sary gt ell ned dl gay Reggie lage ¢ Paap nade 

4, Rondout Tunnel. The grouting of this stretch 
is described in detail later. 





* Paper read before the American Society of Civil |i 


Engineers, February 4, 1920. 





uent grouting 


incoming 
leakage into the tunnel extends over a con- 





effective in grouting the rock. A sufficient number ot 
deep holes should be drilled, however, so as to intersect 
as many seams as possible. 

For a short distance south of Shaft 14 in the City 
Tunnel, practically the whole face of the rock was 
dripping water. To avoid covering the entire area with 
ip pans, parallel strips of pans about 2 ft. wide and 
a few feet apart were placed around the upper half of 
the tunnel. It was thought that the water would find 
less resistance in travelling through a few feet of fissured 
rock than through the newly placed concrete lining. 
This proved to be the case, as all the water came throug 
the grout pipes connected with the pans. Through 
these same pipes the tunnel was grouted very successfully. 

To test the efficacy of the grouting of the rock by 
means of deep-seated pipes, test holes were drilled 
through the concrete lining in the Rondout Tunnel 
and into the rock in the very wet stretch. With one 
exception, the holes showed a slight seepage, indicating 
that the grout had filled the water-bearing seams 
adjacent to the tunnel. In one hole, however, drilled 
about 8 ft. into the rock in the invert, a flow of 71 gallons 

r minute was struck, although 133 bags of cement 

been forced into a hole yy 4 te — 4 —— = 
origi igh- jure grouting. is test shows that the 
pment rock, epee and size of the openings, 
and other conditions must be carefully studied in locating 
the holes for grouting. Another requisite for success 
in grouting the deep-seated pipes is the use of thin 
grout. It is also important to inject the grout con 
tinuously, so that the ground water pressure will not 
force it Back into the pipe or hole. a. 
ee thes drilled into very fine seams will ordinarily 
clog seam with drill chips, making it impossible to 
force much grout into such seams. ence showed 
that not more than one pipe in ten would permit the 
uting of fine seams. p holes are preferable to 
Shallow holes; as the former are more apt to intersect 
water-bearing seams and take. more grout. If deep- 
seated pipes are along a large water- sean 


used bearing , 
they should be placed generally not more than 15 ‘t. 
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ai ; the seams where exposed should be raked out to 
clear them of loose chips of rock, and the edges should be 
caulked with oakum or covered by a drip before 
placing the concrete. The difficulty of adjusting the 
consistency of the grout, where large and small seams 
occur, has been referred to. Wide seams require thick 
grout, while fine seams are at once blocked without 
filling, unless the thinnest grout is used. 

Time of Grouting.—The question of the time to be 
allowed between the placing of the concrete lining and 
the application of high-pressure grout was given careful 
consideration, eyes | where the tank grouting 

ressure might transmitted over a considerable area. 
t was stipulated in the specifications that grouting 
under pressure would not generally be ordered in any 
Jace until three months after placing the concrete 
fining at that place. This rule was generally followed, 
although there were cases where grouting under 300 Ib. 
pressure was done within a month after the — of 
the concrete without injury to the lining. There were 
two or three cases where the lining ruptured at the time 
of grouting, but the breaks were not due to the lack of age 
of the concrete. No case of cracking occurred in the 
top of the arch. 

Other considerations controlling the time of grouting 
are the shrinkage and the imperviousness of the concrete. 
Tests show that, at the age of one month, concrete has 
developed 80 per cent. of its three months’ strength and 
has acquired the greater part of its imperviousness. 
Shrinkage also appears to be complete in from three to 
four weeks. It would seem, therefore, that grouting 
under ordinary conditions can safely be done one month 
after the placing of the concrete lining. 

Cracks in the Concrete Lining.—Reference has been 
made to the opening of the transverse joints between 
adjacent sections of the arch and side walls, due to the 
contraction of the concrete. I ar transverse 
shrinkage cracks also developed between the construction 
joints, even in the 30-ft. and 40-ft. lengths of arch and 
side wall. The cracks were mostly in the arch, but were 
quite common also in the side wall. This cracking is due 
to the contraction of the concrete in cooling m a 
temperature of 100 deg. to 160 deg. F. during setting, to 
the normal temperature in the tunnel which in summer 
was not much above 60 deg. and in the winter sometimes 
fell below 32 deg. F. near a shaft. 

The frequency of the intermediate cracks in the lining 
was affected by the time of year the concrete was placed. 
In the City Tunnel, for example, it was found that there 
were more cracks in the concrete placed during the warm 
summer months than in that placed during the winter. 
The richness of the concrete also may have influenced 
the cracking. There was some inward leakage through 
the intermediate cracks in the lining after the grouting 
in the tunnel was completed and the ground-water 
pressure had accumulated. Most of these leaks, however, 
silted up after some interval. 

There were only two cases where the lining cracked 
during the high-pressure uting. In the Moodna 
Tunnel, several breaks developed in one stretch in the 
side-wall concrete, the cracks extending in places into 
the invert concrete. Examination showed that the 
breaks in this stretch resulted from defective work in 
connection with the placing of the concrete lining, the 
defects being due principally to inadequate measures 
for taking care of the inflowing water which accumulated 
behind the forms, resulting in the formation of laitance 
and weakening of the concrete. In grouting the Hudson 
Tunnel, several cracks developed in the lining under a 
grouting pressure of 600 Ib. per square inch. On cutting 
out the concrete at one of the cracks, where a large drip 
pan had been used, it was found that a soft de 
formed between the pan and the rock, so that it 
im ible to fill this space effectively with grout. 

eakage through Construction Joints.—In wet stretches 
some difficulty was experienced in cutting off the leaka 
of water into the tunnel through the transverse joints in 
thearch. These joints opened up, due to the contraction 
of the concrete caused by the drop in temperature from 
the time of setting to the time of grouting, holes drilled 
into the joints through the concrete and grouted proved 
ineffective, as the running water would wash out the grout. 
_ Various schemes were tried to make the transverse 
joints tight, among which were the following: Grouting 
grooves were formed at the end of each arch section, 
either by embedding a slit rubber hose in the concrete 
or by nailing a strip of sheet iron over a recess left in it 
at the joint. These grooves were grouted through pipes 
set in the concrete. The results were not entirely 
successful in cutting off the leakage. Better results were 
obtained by the use of steel plates embedded in the arch 
joints, the purpose of the plates being to provide a 
water stop as well as to retain the grout. These schemes 
were only to a very limited extent at the beginning 
of the work, and, later, were abandoned. 

Very good results were obtained in closing wet trans- 
verse joints by hand caulking them. Grooves about 
1} in. deep were cut along the joint and }-in. lead wire 
was hammered in. This method proved quite effective 
in making the joints tight. 

The longitudinal joints between the invert and side 
walls were found to be tight. At the joint between the 
side walls and the arch some leakage occurred in the wet 
Places. There was also some inward leakage in places 
at the longitudinal joints in the arch. The greater 
part of this leakage was due to porous concrete in the 
Vicinity of the joint, where a relatively dry concrete had 
to be used, and part may have been result of a slight 
opening of the joints due to the lateral contraction of the 
concrete, 

Inspection of Grout in Place—In order to see how 
effective the grout was in filling void spaces back of the 
concrete lining, test holes were cut in the arch concrete 
in several places in the pressure tunnels. Blocks of 
concrete about 1 ft. square were cut out in the arch, 


it had 
been 





exposing the rock in the roof. It was found that the 
space between the top of the arch concrete and the rock 
was well filled with grout, and teste showed the grout 
filling to be dense and hard. As a somewhat dry con- 
sistency is used for the concrete in the top of the arch, 
this te when placed is likely to be porous in places ; 
in the concrete cut out of the test holes, the grout was 
found to fill the voids in this concrete, and the entire 
block was a dense and uniform mass that was in solid 
contact with the rock. Test holes were also cut from the 
lining in the Rondout Pressure Tunnel where grout was 
used to fill the shri space at the top of the concrete 
lining placed inside of a steel reinforcing shell. Here, 
also, excellent filling was found between the concrete 
and the steel. 

Several opportunities were also afforded to observe 
the results of the grouting during the progress of the work. 
In grouting the wet seam in the Hudson River Tunnel 
near the East Shaft, already referred to, the seam, as 
stated, was found to be well filled with grout when 
exposed by the excavation. In sinking the wet shaft, 
known as Shaft 4, at the Rondout Pressure Tunnel, 
grouting was resorted to, as the shaft was deepened to 
cut off the inward leakage, and the subsequent excavation 
thro the grouted zone showed the seams in the rock 
well with grout. The grouting in this shaft is 
described subsequently in more detail. 

In Shafts 22 and 24 of the City Tunnel, where the wet 
portions were grouted as the shafts were sunk, subse- 
quent excavation showed that all but the very fine 
seams were completely filled with grout. 
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Reduction of Inward Leakage after Grouting.—An idea 
of the ane oft teeknan the concrete lining and the grouting 
in cutting o into the pressure tunnels is given 
by the data in Table II. ai 


Tasixe IIl.—Leakage into Pressure Tunnels. 














Leakage into Tunnel 
in Gallons per Minute. 
Length, | _ 
Pressure Tunnel, in feet. | 
Before After 
Grouting. | Grouting. 
Rondout, wet stretch north 
of shaft 4 .. 7 ee 350 850 3 
Rondout (exclusive of above 
wet stretch) oe oe 23,610 290 49 
Wallkill 4 23,300 506 75 
Moodna oe as PY 24,100 406 85 
City, wet stretch near 
shatt a .< ne oe 90 $25 8 
City (exclusive of above 
wet stretch) se s3 93,810 973 127 











Hydrostatic Tests cf Pressure Tunnele.—After the 
— tunnels and shafts were completed, they were 

lied with water in order to test their tightness. The 
tests in some cases were unusually severe, as the full 
ground-water head had not been restored at the time 
the test was made. At the Rondout Pressure Tunnel, 
the maximum unbalanced head at the beginning of the 
first hydrostatic test was approximately 500 “t. After 
the tests, the tunnels were unwatered for insp ction and 
repairs, and the results were found to be very r.atisfactory 
the tunnels proving remarkably tight. 

Only in four ees in the 35 miles of pre sure tunnel, 
aggregating in “4 about 2,500 ft., did “ny weakness 
develop, due to the yielding of the surrsunding rock, 
causing ture of the lining and outwe d leakage and 
ayree fubeequent repairs necessary. In these cases, 
it would have been impossible to reveal fully in advance 
the geological conditions, particularly where the rock 
a) to be sound when the tunn || was excavated, 
and it is believed that no amount of grouting prior to 
the application of the test pressure would have been 
adequate to consolidate the ground su ficiently to prevent 
the yielding of the rock. The cost o! testing the tunnels 
and making the necessary repairs was very much less than 
it would have been to make the tunnels absolutely 
secure by the use of steel reinforcerient in the concrete 
lining for their entire length. 

EQUIPMENT FOR GR )UTING. 

Air-Stirring Grout Tanks.—Tank. grouting machines 
of the Canniff type were used almost exclusively for 





grouting. These machines are very simple in con- 
struction and operation, consisting essentially of a 
tight cylinder provided with suitable pipe connections 
for introducing com air and for mixing and 
ejecting the grout. The tanks are very compact, weigh 
about 500 lb. when empty, and have no moving parts 
to wear out and be laced. are, therefore, 
particularly well suited for tunnel work. Both thick 
and thin mixtures can be used in them, and they are 

ually well — for high and low-pressure work. 
They are very efficient where large quantities of grout 
have to be placed. 

A slight disadvantage of the Canniff tank is found 
when grouting fine seams under high pressure, or placing 
small quantities of 1:1 grout. x the process is 
necessarily slow there is a tendency for the cement, but 
more particularly the sand, to settle in the bottom of 
the tank and clog the openings. The use of very thin 
grout usually overcomes the difficulty. 

rated simul- 


As a rule, two grouting tanks were 0) 
taneously in grouting the tunnel, one charged 
while the other was discharging. For high pressure work, 
however, it was the usual practice to use only one tank. 
The two tanks were mounted either alone on a low flat 
car, or at one end of a platform car which was large 
enough to hold, in addition, from 20 bags to 30 of 
sand and cement. In some cases, an upper platform 
was also provided for materials. The materials were 
hauled through the tunnel by mules or motor trucks. 
The water for mixing was measured either by pails, or 
automatically by a tank placed at the side or above the 
grout tanks. High-preastre armoured 5 —— 265 ft. 
long was used for grouting purposes; The plant used 
for grouting on the work at the lower end of the City 
Tunnel is shown in Fig. 3 on the previous page. 

Operation of Grout Tanks.—The usual method of opera- 
tion during low-pressure grouting was first to put into 
the tank the required quantity of water, then to let the 
air into the tank at the bottom, which agitated the water 
and then the cement and sand were put into the tank 
and stirred by hand with a wooden paddle, as it was 
found that the air was too slow for mixing and was also 
wasteful. When ay mixed the door at the top 
of the tank was closed, the air was then admitted at the 
top and the liquid grout forced out through the grout 
hose into the pipe connected to. The air was then 
turned off quickly. 

Unless care is taken to close the air dii valve the 
instant the last of the grout leaves the , an after- 
blast of air follows the grout, resulting in stirring it up 
and causing separation of thé materials, and also tending 
to form air pockets in the space grouted. The men 
operating the tanks, however, soon became skilled in 
controlling the discharge. As an added ution the 
air-pressure gauge on the grout tank was closely watched 
to note the fall of pressure as the owt discharged, and 
the emptying of the tank was also indicated by the 
‘* kick ’’ of the grout hose when the charge left it. 

In some cases the following scheme was tried. The 
air valve was closed as the batch of grout started to leave 
the tank, permitting the air in the tank to expand and 
force the grout through the hose. This method, however, 
was slow and was not generally used. Where the grout 
displaced water the ejection of the grout by expanding 
the air in the tank was quite effective in cutting down 
the after-blast of air. The tanks could be operated 
very rapidly. As much as 1,500 batches of 1:1 grout, 
equivalent to about 115 cub. yards, were placed in 24 
hours, using two tanks. This process involved the 
a i of about 135 tons of cement and sand in the 24 

ours. 

High-Pressure Air Compressors.—The air for operating 
the grout tanks was obtained by connecting to the air line 
laid in the tunnel, the air pressure in the line being 
usually from 80 lb. to 100 Ib. In order to provide the 

ures required for high-pressure grouting, small 
estinghouse direct-acting single-stage air compressors, 
known as “boosters,” were generally used. These 
compressors, mounted on the same car with the grout 
tanks, took suction from the main air line and delivered 
air in the tanks at a pressure of 300 Ib. square inch. 
The compressors weigh about 500 Ib. "They are provided 
with air gauges registering up to 450 Ib. per square inch. 
A spring relief valve, capable of being set at any pressure 
up to 400 Ib, is pl on the main disc . Each 
branch of the 2-way discharge is supplied with a stop 
valve, a check valve and air emergency stop valve, so 
that it may be closed automatically bya den release 
of pressure due to the bursting of hose or any other reason. 

Independent Air-Generating Plant in Tunnel.—The 
grouting in the tunnel necessitated the maintenance and 
operation of the large compressor plant used for tunnel 
driving, and the relaying of the air pipe line in the tunnel, 
which had been taken up during the placing of the lining. 
In order to avoid the use of the expensive main air 
plant some of the contractors used small independent 
portable compressors in the tunnel, driven by gasoline 
or electricity, and mounted on cars travelling along with 
the other equipment. These compressors were 
both for the low and high-pressure grouting. 

On the work in the northern portion of the City Tunnel, 
low-pressure grouting was carried on with i 
each consisting of the following uipment :—One 
30 h.p. electric motor; one pte d 2-stage, 
belt-driven air compressor, capable of delivering 170 
cub, ft. of free air per minute at 100 lb. pressure and 130 
cub, ft. at 350 lb, ; one geared pump, with a capacity of 
50 gallons per minute, driven by a 7} h.p. electric motor ; 
two grout tanks, two water tanks, a platform car for 
making connections to the grout pipes, and a platform 
mounted on two flat cars for the cement and sand. 
For high-pressure grouting the same rig was used, the 
compressor being adjus to deliver air at 300 lb. per 
square inch. 

Grouting by Air and Water Pump.—In the Hudson 
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Tunnel, where it was necessary to use grouti 


ng pressures 
of 700 lb. per square inch, a combination of air and water- 


= pre gee was devised. A Canniff tank was partly 
filled wi ut, which was placed under a pressure of 
about 300 lb. by a Westinghouse booster connected, as 
usual with the tank. Water was then pumped into the 
tank through another connection by a high-pressure 
Cameron pump, reducing the volume of air above the 


tt | of the dry packing was begun at the lower end 
of the shell. A battery of four Canniff grout tanks was 
used, the grouting of both sides of the tunnel bei 
carried on simultaneously. The space behind the s 


filled gradually, the level of the grout being indicated 
by opening pi at various levels. A few of the deep- 
seated pipes flowed grout during this operation. They 


were closed, but were re-opened about 24 hours later and 





ut so as to raise the pressure to 700 lb. persq inch, 
FF desired. The discharge valve of the tank was then 
ous and the pump was kept going in order to maintain 
the pressure while the ut flowed slowly into the space 
back of the lining. This arrangement worked very 
successfully. The. advan of @ pump with a steady 
flow lies in the fact that there is no after-blast of air 
forced through the grout. 


Paddle Mixing Machines.—In a few cases, paddle 
mixing machines which mix the grout mechanically 
i of by air, were used. The results obtained by 


these machines are good when they are new, but the 
moving parts and the stuffing boxes soon give trouble on 
account of wear. The feature of both the air- 
stirring grout tanks and the paddle mixing machines is 
the blast of air which follows the discharge of grout. As 
already noted, it is very important to control the dis- 
charge of air = gary in order to secure good results. 

Grouting Pads.—The ifications called for the use 
of apne kam for forcing grout into any porous con- 
erete in the lining. These consisted of a steel 

sting ing about 1 ft. by 2 ft. 3 in., containing a 
rubber gasket, and ted at the end of a 5-in. extra 
heavy-wrought iron pipe. In using the ut pad it 
was jacked against the porous spot in the lining by 
screw-jacks at the other end of the column, and the grout 
was then forced into the pad to impregnate the concrete. 
These pads were not successful as they were clumsy to 
handle, the area covered by the pad was too small for 
effective work, and the g would blow out. After 
a few attempts their use was given up. 

Only a few porous spots occurred in the concrete lining 
through which grout leaked during low-pressure grouting, 
and it was found that the most effective method of treat- 
ment was to wedge a board faced with oakum inst the 
porous spot. The flow of grout soon stop and the 
opening closed up. 

Spectat GrovuTine IN PressuRE TUNNELS. 

Grouting Wet Stretch, Rondout Tunnel.—This pressure 
tunnel, 4.4 miles long, was constructed from eight shafts, 
varying in depth from 370 ft. to 708 ft. The shafts and 
tunnel penetrated eight distinct formations, “——< 
shales, limestones and quartz conglomerate. Seve 
stretches of faulted zones and crushed rock were en- 
countered in the excavation. Some strata were dry ; 
others were very porous and water-bearing. 

already described the tunnel north of Shaft 4 was 
driven on a 15 per cent. yee a badly faulted 
and folded stretch in High Falls e and Binnewater 
sandstone. The rock was agg ees and water-bearing, the 
inflow in a stretch of 350 ft. ys fay. ase perro 2,000 
gallons per minute at the time the tunnel was driven. 
The flow gradually diminished until it was somewhat less 
than 1,000 gallons per minute at the time the lining was 
ae ea The tunnel at this location is about 450 ft. 
low the surface of the ground. An attempt to shut off 
the inflowing water by grouting at the time of driving 
has been described. 

It would have been difficult to take care of the water 
by means of drip- during the placing of the lining, 
as it poured into tunnel over large areas. The plan 
adopted to protect the concrete during placing was to 
enlarge the excavation through the wet stretch in order 
to permit the erection of a light steel shell (see 
Fig. 4), inside of which a concrete lining, 24 in. thick, 
was placed. The shell was 175 ft. long, and con- 

i of circular ribs of 7-in., I-beams set 5 ft. centre to 
centre along the tunnel, with #,-in. plates bolted to the 
outside of the ribs. The space between the shell and the 
rock, which averaged about 20 in., was packed solid with 
broken stone and subsequently grouted. 

Most of the water entering the tunnel in this stretch 
was interrupted by 6-in. lateral pipes draining into an 
8-in., spiral-riveted drain laid longitudinally along the 
bottom of the tunnel. This drain di through an 
8-in. valve into a sump at the foot of the wet stretch. 
Water was also collected through holes drilled into the 
rock seams to depths of from 3 ft. to 4 ft., into which 2-in. 
deep-seated pipes were set, which extended through the 
dry packing and the steel shell and drained into the 
—, Hey a were ~ placed a holes - the a 
to reach t! -packed s for the purpose of grout 
the packing behind the shell. r om 

The concrete invert, which ten about 3 ft. in 
thickness, was laid first on the floor of the tunnel over the 
8-in. drain. The invert was placed in short stretches, 
25 ft. and 40 ft. in length, with tight wooden bulkheads 
and forms, Any leakage in the bottom was taken care 
of by pans and broken stone drains covered with cement 
bags. The placing of the invert was very difficult on 
account of the heavy flow of water from the bottom and 
sides of the tunnel. After the invert was placed the steel 
shell was erected and the space between the shell and the 
rock was dry-packed at the same time. The lining was 
then placed inside the shell without any trouble. 

iminary to grouting this stretch, tight brick cut-off 
walls were built between the shell and the roof at each 
end of the shell. When ing was started the vaive 
oda pepe Ae of the fo sg ae oe and the 
valves o © pi eading into packing 
were also closed. The dry- space was A cn 
filled, forming a pond of still water, into which neat 
cement grout was injected. ments previously 
made showed that the materials in sand grout might 
separate if forced in under water. The deep-seated pipes 
and « few pipes at the top of the shell were left open to 
prevent accumulation of pressure. 











dded out, after which they again flowed clear water, 
but in a somewhat reduced volume. In the whole section 
the inward leakage was reduced from 850 to 540 gallons 
per minute after grouting the dry packing, showing that 
the seams had been partly closed. The grout was in- 
jected into the dry packed spac:, generally under low 
pressure, without causing undue agitation.’ The final 

juting was done under a pressure of 90 lb. square 
inch at the top of the shell. A total of 7,700 batches of 
neat grout (1.2 cub. ft. Ba batch) was forced into the dry 
packing, requiring 10 shifts. 

After the grout set a few days the deep-seated pipes 
through which several hundred gallons of water per 
minute issued into this tunnel were grouted, beginning at 
the bottom of the shell and working up. rape this 
process varying consistencies of grout were , the 
thinnest being } bag of cement (about 24 lb.) to 30 gallons 
of water. After applying air pressure to clean out a rock 
seam the thinnest grout was used first. If a considerable 
—_, ? to 30 batches, aaa into — ae under com- 
parati ow pressure (100 lb. or less), the grout was 
thickened, 48 lb. to 30 gallons of water being used. Ifa 
considerable quantity of this grout was injected the mix 
was again thickened, this process being continued until 
the tank pressure necessary for inion began to rise, 
when the mix was thinned sli 3 Bm grouting con- 
tinued until the pipe refused un Ib. pressure. The 
pipe was then drained out and plugged with thick neat 
cement grout under 300 lb. pressure. The maximum 
number of batches injected into a pipe was 533. 

The grouting reduced the leakage on the incline from 
850 ons to 3 gallons per minute, and although the 
level of the water in the rock reservoir, as indicated by 


and plugged for grouting. A 1:1 grout was 
ie pm a of 30 lb. per square inch. After 
this grout set for one week, deep-seated pipes 
leading to the wet seams were grouted. Very thin grout, 
+ bag to 35 gallons of water, was forced in until the hole 
refused at 300 lb. pressure. The thin grout was then 
drained out of the pipe, which was sealed with a thick 
batch. A total of 743 of cement was injected through 
89 pipes. The | in this section ore repairs 
were started amoun’ to about 400 gallons per minute, 
After all the concrete was placed and all uting 
was finally completed, it was reduced to 2 ons per 
minute. 

To protect the steel shell against rusting, and to pro. 
vide a smooth waterway, a concrete lining, averaging 
6 in. in thickness, was inside the steel shell. To 
fill the space above the arch, a grout and a vent pipe were 
placed in each pocket formed by the projecting flanges 
of the gy A ons is ; — ig “4 the 

uting, the ut being placed a Cugias and 
ter Satter this grout set, and the surplus water 
was allowed to drain off, a second euntins was done with 
neat cement, completely filling the space between the 
lining and the steel shell. 

Wallkill Pressure Tunnel.—This tunnel crosses the Wall- 
kill Valley for a distance of 44 miles, at an av depth 
below the ground surface of 350 ft. to 450 ft. The rock 
penetrated was the Hudson River shale formation, and 
was generally sound and dry. For the greater length, 
the rock was a rather fine-grained shale with some beds 
of hard sandstone ; for about. a mile at the south end of 
the tunnel, it was mainly sandstone in very heavy beds. 
The dip of the rock for the greater length of the tunnel 
averaged about 45 deg. striking at an angle of about 
30 deg. with the tunnel line. At the north end, the bed- 
ding was vertical and at right angles with the tunnel 
axis; while for a considerable distance at the south 
—_ —~ par were horizontal, causing high breakage above 
the roof. 

The inward leakage when the tunnel was driven 





gauge readings, rose gradually after the completion of the 
grouting until the original ground-water level had been 
restored, there was no mar! increase in the quantit; 
of water entering the tunnel. Test holes drilled throug! 
the concrete lining and shell and into the rock showed 
that the rock surrounding the tunnel was impregnated 
with grout to a considerable depth. The success of the 
grouting at this location was due to the use of the deep- 
seated pipes, and, more particularly, to the method 
adopted whereby the dry-packed section outside of the 
lining and shell permitted the grout to come in direct 
contact with the surface of the porous rock. | 

Grouting Large Mud Seams, Rondout Tunnel.—In 
driving the tunnel through the Helderberg limestone 
south of Shaft 3, Rondout Tunnel, a crushed and faulted 
zone containing a number of large solution cavities filled 
with residual clay was encountered. The two widest 
seams were vertical and cut diagonally across the tunnel 
at an angle of about 45 deg. to the tunnel axis. These 
two seams were 16 ft. and 25 ft. wide on one side of the 
tunnel, but much narrower on the other side. They were 
filled with clay and pea rock and, while ex- 
cavating the tunnel, were lagged with steel channels 
supported by steel beams and timbering. The linin 
at the seams was strengthened by embedding stee 
shells, } in. thick and 41 ft. and 59 ft. in length, in the 
concrete at each seam. In addition to reinforcing the 
lining, these shells also serve to prevent outward leakage 
from the tunnel. 

In this stretch, a horizontal seam about 3 ft. thick 
also was encountered, the bottom of the seam lying about 
4 ft. above the finished waterway. The mud layer was 
removed and the space above the waterway, about 7 ft. 
high, was subsequently filled with concrete. Above the 
horizontal mud seam was an opening in which were three 
rows of narrow vertical pockets, extending ee 
across the tunnel. These pockets were from 2 ft. to 
6 ft. wide and ran from a few feet to 30 ft. above the roof 
of the tunnel. Concrete was Fant up to the top of 
the general roof excavation and the space above, includ- 
ing the narrow pockets, was filled with grout through 

ipes set in the concrete. A total of approximately 
B50 batches of 1:1 grout was placed in this stretch, 
requiring 13 days of three shifts each. 

Rupture of Lining and Repair Work, Rondout Tunnel. 
—On the completion of the tunnel and shafts, they were 
filled with water for a hydrostatic test. Excessive leak- 
age developed in the Rondout Tunnel (Fig. 5), and after 
unwatering it, on examination showed that the lining was 
cracked in three stretches gating in length about 
700 ft. The upper half of the tunnel section appeared 
to be lifted from the lower portion, water issuing in 
1 uantities through the joint at the springing 
line and through other diagonal cracks in the lining. 

To determine whether the lining had ruptured on 
account of unfilled places over the top of the arch, a 
test hole was cut, and several holes were drilled through 
the concrete to the rock in the roof. The space was 
found to be completely filled with grout, which was intact 
and in close contact with the . The rupture of the 
lining was due to the movement of the rock outside of 
the tunnel resulting from the application of hydrostatic 


pressure. 

The tunnel was reinforced through the ruptured 
stretches by steel en built up of rings of circular 
segments of 15-in. 55-Ib. channels. A 2-in. annular 
space was left between the steel and the existing concrete 
lining. Preparatory to placing the steel, the cracks 
throug’ issued were caulked with lead, 





h which water i 
thereby forcing the water into pipes, drilled through 
the lining into the rock seams. 

The space between the steel shell and the old concrete 
lining was first grouted. Every twelfth ring of steel had 
eight holes placed equally around the circumference, 





ted to approximately 500 gallons per minute in 
the tunnel and 180 gallons per minute from the shafts. 
Although no great concentrated flows of water were met, 
certain stretches were water-bearing over large areas 
and the rock was extensively cov by pans to catch 
the water. Eight stretches of 1,000 ft. in length yielded 
an inward flow of more than 20 gallons minute before 
grouting. The maximum inward leakage of ground- 
water was 90 gallons per minute for 1,000 ft. of tunnel. 
In many places the water entered in fine sheets under 
head between the 7 age S shale. It was found to be 
practically impossible to force any quantity of grout 
into this rock on account of the fine openings between 
the thin layers. The wet areas were covered by drip- 
pans and grouted under high pressure with neat cement 
grout by filling the pans solidly full, sealing the fine 
openings, and effectively cutting off the water. 
An interesting movement of the flow of water in the 


rock mney uting occurred between Shafts 1 and 2. 
The total in this stretch just prior to starting 
uting was 125 gallons per minute. There was little 


iminution in the leakage after the low-pressure grouting, 
and it was not until the high-pressure grouting plant had 
travelled a distance of about 3,000 ft. south from Shaft 1 
to within about 2,000 ft. of Shaft 2, that any marked 
change in the inflow occurred. In two days of grouting, 
the leakage in this stretch dropped to 70 ions per 
minute. 

Evidently, the water in a length of 3,000 ft. of tunnel, 
south of Shaft 1, Pcs forced meee , Sues the high- 

ressure grouting, ing an outlet through grout pipes 
fn the arch aman of the grouting machine. There was 
@ soft seam or plane of movement above the roof of the 
tunnel in this stretch, running nearly parallel with the 
tunnel, and ap ntly the water was forced through this 
seam during the grouting. On the completion of the 
grouting, the leakage in this stretch was d to 22 
gallons per minute. 

Moodna Pressure Tunnel.—This tunnel is 4-8 miles 
long, and from 300 ft. to 400 ft. below the surface of the 

und, the maximum depth below the hydraulic gradient 
Being about 600 ft. The tunnel penetrated Hudson 
River shale for about 60 cent. of the distance and 
granitic gneiss for the remainder of the length. The shale 
was y soft, although there were many layers of 
hard sandstone ; the rock was much disturbed and with- 
out uniformity of attitude. The gneiss was hard and 
sound, but intersected in every direction by joint planes 
as a result of the disturbance due to a great overthrust 
fault which extends for many miles along the contact 
between the gneiss and the Hudson River shale forma- 
tions. 

The inward leakage for the entire tunnel, including 
the shafts, was 640 gallons per minute, when the ex- 
cavation was completed. The shale was better than the 
gneiss, but there were no large concentrated flows any- 
where. Very few holes were drilled for deep-seated pipes, 
as practically no well defined water- ing seams were 
encountered. In the shale, a drip-pan was placed about 
every 7 ft. or 8 ft. of tunnel. 

The rock throughout was generally firm, and only 3 per 
cent. of the length of the tunnel required roof support. 
Although sev zones of extensive rock movement were 
penetrated, there were no large openings or excessive 
inflows at these places, and special treatment was re- 
quired in only one case, where badly crushed and un- 
stable ground was encountered beneath the surface 
valley known as Pagenstecher Gorge. ; 

In this stretch, a flow of about 100 gallons per minute 
was struck when the heading was first excavated. The 
water issued from a crevice 6 in. wide, marking a plane 
of movement and solution in the gneiss. The adjacent 
rock was crushed and disintegrated, and required © 
steel roof s for a distance of 55 ft. along the tunnel. 
Following first rush of water from the crevice, the 
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eakage gradually diminished, as the underground storage 
a ated, ened it was less than 10 gallons’ per 
minute. 

The rock broke very — and wide * this place, and, 
in making arrangements for grouting, long grout pi 
were set to reach the top and sides of the cavity. The 
longest pipe extended 20 ft. above the roof of the tunnel. 
The dry packing between the steel support and the rock 
was first grouted, the operation being continued until 
the water-bearing crevice was filled. After the grout 
had settled and set, the long pipes were opened up and 
drained, and any remaining spaces were filled with grout 
under a pressure of 300 lb. per square inch. 

Repair Work in Moodna Pressure Tunnel.—The 
Moodna Tunnel connects at the south end with the 
tunnel under the Hudson River by a shaft on the west 
bank. Although the rock in Moodna Tunnel adjacent 
to the West Shaft was dense and solid when excavated, 
the application of hydrostatic pressure, when the tunnel 
was tested, ca @ movement along the joint planes, 
with rupture of the concrete lining both in the West 
Shaft and in a stretch of Moodna Tunnel adjacent to 
the shaft. As the joint planes in the rock were closed and 
tight before the test pressure was pean it would have 
been impossible to prevent the yielding of the rock by 
grouting, no matter how thorough and extensive, prior 
to the hydrostatic test. The cracks in the lining through 
which considerable water issued were subsequently 
caulked, and the rock was grouted. Later, it was de- 
cided, on account of the geological conditions which the 
test had revealed, to abandon 900 ft. of the tunnel 
adjacent to the West Shaft, and a new tunnel was driven 
400 ft. below the old one. No further trouble was 
6 ienced at this location. 

udson Pressure Tunnel.—This tunnel, placed 1,100 ft. 
below the river surface, penetrated sound Storm King 





Fic. 5. Broken Tunnet Liyine, Ronpovut PressurE TuNnNeEL. 
CRACKS DUE TO YIELDING oF Rock. LxeakaGE REDUCED FROM 
400 Tro 2 Gats. pER Min. sy GROUTING. 


granite throughout its entire length of 3,100 ft. Numerous 
black diabase dikes were found along the joint planes. 
The granite has shared with the entire Highland area 
in folding and faulting movements which broke up the 
rock into blocks separated by joint planes. In ex- 
cavating the tunnel, some water from the river entered 
through this system of joints. 

The grouting of a wet seam near the East Shaft in 
driving the tunnel has been described. Contrary to 
expectations, the leakage of water into the tunnel was not 
excessive, and was taken care of in the usual manner 
by the use of drip-pans and deep-seated pipes. The 
total inward leakage after the completion of the con- 
crete lining and prior to grouting was 160 gallons per 
minute, the greater part occurring near the western 
portion of the tunnel. 

: ready described, some trouble was experienced 
in this tunnel on account of the cracking of the concrete 
lining in the side-walls, when the high grouting pressures, 
running up to 600 Ib. persquare inch, were applied. After 
the cracks were cut out, the lining was replaced and again 
grouted under lower pressure, and no further trouble 
developed. As noted, a soft deposit was found between 
one of the drip-pans and the rock at one of the cracks 
which had been cut out, which probably prevented the 
filling of the space with grout. Several unusually large 
drip-pans were used in the wet stretches, and this may 
have been a factor in the cracking of the lining, as the 
very high grouting pressures were applied over large 
areas where the lining was not very thick. 

_ No attempt was made to shut off all inflowing water 
in this tunnel by grouting, and the pipes which flowed 
water were fit with bronze check-valves. These 
valves vent the accumulation of rock-water pressure 
on the lining, when the tunnel is empty, by permitting 
the water to flow freely into the tunnel, and also, by 
closing tightly, prevent the loss of water from the tunnel 
7 in service. 

‘he high pressures necessary for grouting this tunnel 
were obtained by the use of a high-pressure pump which 
discharged the grout in the grout tank by pumping 
water into the tank. This tunnel proved to be remark- 











ably tight when tested, and the loss of water when in 
service is very little. 
Repairs in Breakneck Pressure Tunnel.—This t 1 


dry for the part, but, for a distance of about 
200 ft., a blocky stretch with water-bearing seams was 





780 ft. long extends from the East Shaft of the Hudson 
Tunnel to an uptake shaft on the north slope of Break- 
neck Mountain. It etrated the same granite forma- 
tion as the Hudson Tunnel, and the rock was sound and 
dry. In the portion adjacent to the East Shaft, where 
the rock cover is comparatively shallow, cracks developed 
in the tunnel lining, as well as in the upper portion of the 
East Shaft, when a hydrostatic test was made, due to 
yielding of the rock along the joint am. The lini 
was repaired by drilling holes about 10 ft. deep throug 
the concrete and into the rock, and injecting thin grout 
under pressure. Most of the holes took little grout, 
but there were a few into which a considerable quantity 
was forced. 

The grout was mixed in the proportions of 25 lb. of 
cement to 20 gallons of water, and, in some cases, even 
thinner. Water was used for washing out the seams and 
frequently permitted further grouting after a hole ap- 
peared to be pl One hole, in the vicinity of a 
fractured zone in the rock, took 5,217 batches of grout 
containing 328 barrels of cement. This hole was almost 
plugged several times, but was opened by flushing with 
water. 

During grouting, the grout did not appear in any of 
the other holes in the vicinity of the pipe grouted, but 
was evidently forced some distance from the tunnel. 
Only four holes took more than 25 barrels of cement. 
A total of 556 barrels of cement was used in grouting 
the tunnel and 39 barrels in the East Shaft. The repairs 
were successful in reducing the outward leakage to a small 


oe. 
City Pressure Tunnel.—The City Tunnel forms the 
great distribution main within the city limits. It is 





TUNNEL, UNDER 106TH STREET. 


ed, yielding a flow of about 200 gallons per 
minute. A number of large crevices, several inches wide, 
extended above the roof and from the sides of the tunnel. 
Grout pipes, some 20 ft. long, were inserted in these 
crevices. 

All the leaks in the sides and roof of the tunnel were 

ied, while, in the bottom, where considerable water 
issued, a broken stone drain covered by pans was laid 
below the invert concrete. The inflowing water was 
drained by a longitudinal pipe on the bottom. During 
the placing of the invert concrete, the water was k 
below the top of the stone drain by pumping through t 
longitudinal pipe and pumping was continued until the 
concrete had set. 

The grouting in those portions of the tunnel adjacent 
to the wet stretch was completed before any leakage 
in that stretch was cut off. ut was first forced into 
the bottom drains and pans, the upper pipes being left 
open to relieve the water pressure. Connections were 
made successively to the pipes at higher levels, until 
the crevices in the roof were filled. The final grouting 
was done under a pressure of 300 lb. per square inch, 
using thick cement ut. The grouting was very 
successful, the inward leakage in this stretch being re- 
duced to 3 gallons per minute. 

Grouting the Wet Stretch near Shaft 23, City Tunnel,— 
The wettest stretch in the City Tunnel was encountered 
near Shaft 23, where, in a crushed zone in granodiorite, 
8 flow of 600 gallons per minute, issuing from one seam, 
was struck A ro the excavation was first made. This 
flow had diminished to 325 gallons per minute, at the 
time the concrete lining was pl . On account of 
the large flow, it was decided to use a light steel shell to 
protect the concrete, instead of the customary drip-pans. 
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18 miles long, and is located beneath the streets and 
parks of the Boroughs of The Bronx and Manhattan, 
extending from the Hill View Reservoir, just north of 
the city line, to two terminal shafts in Brooklyn. The 
tunnel was constructed from 24 shafts, varying in depth 
from 218 ft. to 757 ft. 

The tunnel was placed everywhere at a depth of not 
less than 150 ft. below the surface of sound rock. The 
rock is at or near the surface over the ter part of 
the line, and more than half of the length of the tunnel 
is little more than 200 ft. below the surface of the ground. 
In order to secure the required depth of sound rock over 
the tunnel under the Harlem and East Rivers, the tunnel 
was placed 330 ft. and 700 ft., respectively, below the 
surface. 

The formations penetrated in the City Tunnel, namely, 
Yonkers and Fo; m gneiss, Inwood limestone, Man- 
hattan schist, and Ravenswood diorite, are generally 
sound and durable rocks, but were found in many places 
to be disturbed by folding and faulting, with extensive 
crushed zones. Intrusions of pegmatite were “~~ 
met. The und und waters circulating throug 
channels formed = mechanical fracture and solution 
have caused chemical changes in many stretches, with 
resulting alteration and weakening of the mineral con- 
stituents of the rock. For the greater part of its length, 
the tunnel was driven approximately parallel with the 
strike of the rock, the dip Shins generally nearly vertical. 

With the exception of two or three stretches, where 
heavy flows of water were encountered, the rock through- 
out the length of the tunnel was generally dry, and seep- 
ing water was taken care of by the methods used in the 
ot tunnels. On account of the location of the City 
Tunnel, in the heart of the city, unusual precautions were 
taken in handling the water and grouting, in order to 
reduce, as far as practicable, the loss of water out of the 
tunnel, as it was evident that excessive leakage would 
be ne troublesome and might result in the 
settlement o buildings. 

Grouting under Harlem River, City Tunnel.—The 
tunnel under the Harlem River Valley penetrated 
Inweod limestone, a white crystalline marble, solid and 





The construction was similar to that in the Rondout 
Tunnel and consisted of.ribs built up of 4 in. by 3 in. by 
} in. angles spaced 5 ft. centre to centre, on which plates 

-in. thick were placed. Each rib was made in four 
segments, the bottom being embedded in the invert 
concrete. the rock showed any leakage, the space 
between the steel shell and the rock was filled with dry 
packing, elsewhere the steel plates were omitted, and the 
concrete lining was placed directly against the rock. 
Dry packing was placed over about 60 per cent. of the 
area in the 90 ft. of tunnel in which this special con- 
struction was used (Fig. 6). 

The water in the wet stretch was drained by a 10-in. 
tile pipe, laid with open anes on the floor of the tunnel 
and surrounded by broken stone. Above the top of 
the broken stone, corrugated sheet iron was p ,» on 
which the invert concrete was laid. The 10-in. tile drain 
had a slope of 6 in. in 100 ft. and oe the water 
into a sump at the end of the wet stretch. From the 
sump, the water was pumped into an 8-in. discharge 
line in the tunnel by a motor-driven centrifugal pump. 

After all the other grouting in the tunnel ween 
Shafts 23 and 24 had been completed, that in the wet 
stretch was begun by first connnecting to the pipes in 
the bottom drain and then successively to the pipes at 
the higher levels, raising the grout up to a maximum of 
150 lb. persquareinch, By this means, most of the grout 
was placed inst a back pressure of 50 lb. per square 
inch or less, the gauge registering finally 90 lb. per square 
inch when the grouting plugged it. 

In order to prevent the accumulation of ground-water 
ressure, all the pipes except those in the invert were 
eft open, or were opened up after the grout had set. 
After the deep-seated pipes were grouted under a pres- 
sure of 300 lb. per square inch, all the pipes were opened 
and connected to for high-pressure grouting. A total 
of 217 batches of neat cement grout, consisting of 1 bag 
of cement (95 Ib.) and 6 gallons of water, was used for 
the high-pressure ows in this stretch. Very success- 
ful results were obtained in cutting down the inward 
leakage which was reduced by grouting to 6 gallons per 
minute for the entire stretch of 3,600 ft. of tunnel 
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between Shafts 23 and 24. Inspection of the tunnel after 
a hydrostatic test under the operating head, showed no 
cracking or inward in this stretch. 

Repairs in City T between Shafts 18 and .19.— 
The portion of City Tunnel underneath Broadway, 
in the vicinity of 2 Street, was excavated through 
fairly sound Manhattan schist, with no inward leakage. 
When the tunnel was subjected to a ae test, 
some water ap at the surface in ison Square- 
park and in some of the cellars near-by. ——- 
outward leakage was not excessive, it was deci to 
make an effort to cut down the quantity as much as 
practicable. On unwatering the tunnel, it was found 
that, due to movement of the surrounding rock, the 
construction joints of the tunnel lining had opened up 
and, in addition, some of the lining was cracked. Four 
tretches of t | aggregating 1,350 ft. in length were 
affected. 

The method of repair adopted was to consolidate the 
rock surrounding the tunnel by grouting and, in addition, 
to line with sheet copper two stretches eggregatin about 
1,200 ft. of tunnel (see Fig. 5). A large number of holes, 
2 in. in diameter, were drilled through the concrete 
lining and into the rock, the size of the tunnel limiting 
the maximum depth of the holes to 10 ft. In the 1,350 
ft. of tunnel grouted, approximately 10,000 lineal ft. of 
holes were drilled. Pieces of 1}-in. pipe, 15 in. long, 
were fitted into these holes. 

Before grouting, grooves were cut in the joints and 
cracks through which water entered the tunnel, and these 
joints were caulked with lead wire. The customary 

uting equipment was used for this work, air at 90 Ib. 

ing furnished by a compressor at the top of the shaft. 

Higher pressures were obtained by Westinghouse 
“ boosters.” 

After connecting to a hole, grouting was continued, 
until the hole refused grout under 300 lb. pressure. An. 
leaks that developed during the grouting were located, 
and, after the grout has set, additional holes were drilled 








at the place of leakage. The process of drilling and 
grouting a section was continued until test holes, drilled 
10 ft. deep, did not leak or take grout. The stretches in 
which the lining was cracked were grouted three times, 
a portion of one being grouted five times. 

he mix ordinarily used consisted of batches con- 
taining 25 lb. of cement to 20 gallons of water. Ifa hole 


into which 75 batches of this consistency had been in- 
jected, continued to take grout freely, the mix was 
thickened to 25 lb. of cement and 5 gallons of water ; 
but if the hole showed a tendency to plug, the thin mix 
was again used. A total of 6,000 of cement were 
used in grouting the 1,350 ft. of tunnel. 

When the grouting was started, the inward leakage 
amounted to 30 gal ions per minute, practically all of 
which was cut off by grouting. The ground-water head 
against the lining during grouting, as indicated by gauges, 
was 78 lb. per square inch. After the tunnel was again 
placed in service, there was practically no leakage at 
the surface of the ground, 


(To be continued.) 








OPERATING A BY-PRODUCT PRODUCER 
GAS PLANT. 


Notes on Operating a By-Product Producer Gas Plant 
for Power and Heating.* 
By W. H. Parcuetyt, Member. 
(Concluded from page 531.) 
OPERATING RESULTS. 

Fuel.—Owing to war conditions the supply of coal 
was very uncertain and, in consequence, various kinds 
were used. In January, 1918, some 795 tons of coal 
of nine different sorts were gasified. By December, 
1918, deliveries had improved and were only of five 
different sorts. It will be readily understood that 
such variations do not improve working conditions. 

The ashes withdrawn from the producers during 
1918 averaged a carbon content of 11-8 per cent., which 
represents 3-23 per cent. of the therms in the coal. 

he results given in this paper were obtained without 
special arrangements and under normal conditions, and 
can be taken as typical commercial results. No effort 
has been made to obtain special test figures which are 
not realised under ordinary working conditions. 

Steam required for Gas Plant.—The amount of steam 
— is considerable, mainly for use in the producers 
and for evaporating the sulphate liquor. In addition 
to these uses there are tar troughs to be heated, tar 
tanks to be kept at such a temperature that the tar for 
burning is quite fluid, and various incidentals about the 
plant. In order to obtain some accurate figures of the 
steam consumption one Lancashire boiler was isolated 
and used for steam supply for the gas plant only, and 
@ test extending over one week was carried out. 


Coal gasified ... 136 tons 10 ewt. 
Water evaporated 447,600 Ib. 
Coal used in boiler ... +.» 24 tons 7 ewt. 
Tar used equal to 6 tons coal 6 tons 0 ewt. 
Coal equivalent used on boiler 30 tons 7 ewt. 
Equal to 22-25 per cent. of the coal gasified. 
Amount of sulphate salts made: 6-256 tons, or 


102-6 lb, per ton of coal gasified. 
A second test under similar conditions showed :— 
Coal gasified ... one ++» 145 tons 15 ewt., 
Coal equivalent used on boiler 33 tons 18 cwt. 

Equal to 23-25 per cent. of the coal gasified. 
These figures are rather high, as the Lancashire 





* Paper read before the Institution of Electrical 
Engineers on Thursday, March 11, 1920. 











boiler available for the test is capable of evaporating 
three times the amount of water required, and was not 
working therefore at an economical rate. As, however, 
the above tests were taken in May and June, and the 
heat losses would be slightly greater during the cold 
months of the year, the costs given later allow for coal 
for steam raising at 25 per cent. of the coal gasified. 

A charge of approximately 25 tons of coal for steam 
required for the producer and gas plant only, for every 
100 tons of coal gasified, is a heavy item in working costs 
and one that must always seriously affect the use of 
by-product producer plants. 

Messrs. Hoffmann recognised that their conditions 
would be favourable for adopting this type of plant, 
coupled with an installation of exhaust boilers. By 
using these boilers and burning tar 75 per cent. of the 


25 per cent. of the coal required for the gas plant is | 


cut out, and the actual coal required for gas plant steam 
is reduced to 6-25 per cent. of the coal gasified. 

Coal Consumption and Thermal Efficiency.—As already 
pointed out the coal supply varied very considerably, 
consequently the results are not so wry as they would 
have m if one kind of coal only been used. It 
is a well-recognised fact that a mixture of coals in a 
producer leads to difficulties unless a suitable choice 
can be made, In the plant under review it was @ case 
of ‘* Hobson’s Choice.”’ 

- Figures for six months’ operation of one 30-ton gas 
| ape supplying gas for two engines and furnaces may 

analysed to show how the efficiency would appear if 
all the gas were used for power. The result is sum- 





The test for the correctness of the meter at the makers’ 
works was as follows :— 


At 80,000 cub. ft. to 20,000 cub. 


ft. per hour ... oes --» Correct.} 
At 10,000 cub. ft. to 8,000 cub. 
ft. per hour ... a -. 2 per cent. slow. 


Fig. 3 gives curves of the heat consumption guaranteed, 
the results of tests of the same, and the thermal efficiency 
of the Premier-Crompton sets. . 

The working costs given later were calculated from 
the guaran curve plus an additional allowance for 
preliminary runs and starting up; consequently the 

are on the safe side. 

To obtain a record of the calorific value and of the 
composition of the gas made, two methods were adopted. 
A recording calorimeter of the “Sarco” type was 
installed. This apparatus shows the calorific value 
of the gas and records continuously any variations that 
may occur therein. It is a very useful instrument but 


| requires checking from time to time. 





marised in Table II opposite. 

During this period the total coal gasified was 3,255 | 
tons, giving an average load of about 75 per cent. during | 
operating hours of the plant. Of the total amount of | 
gas made 42-7 per cent. was used for the engines and 
57-3 per cent. for the furnaces. For this purpose the 
whole of the steam raised by the exhaust boilers is 
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credited to the gas engines, and the tar is allocated in 
roportion to the gas used by the engines and the | 
urnaces respectively. 
The fi used for converting the work done by the | 
exhaust boilers and by tar to a common coal equivalent | 
eta | 
Exhaust boilers 1 b.h.p.-hour = 2 Ib, steam. 
Lancashire boilers... 1 lb. coal 6 
Lancashire boilers... 1 lb. tar 7} 
Based on these equivalents the amounts of coal | 
saved during the six months by the use of the exhaust 
boiler and by burning the tar are :— 


tnermo 1900s of therms 
ne 
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T ons. 

By exhaust boiler 379°75 
By-tar burning 114-70 
Total 494-45 


During the period the two engines generated 1,834,375 
units, giving an engine load factor of 73-6 per cent. on 
running hours. 

The above table shows the actual coal gasified in 
pounds per kilowatt-hour ; also what it would have been 
on the 25 per cent. basis if all the steam for use on the gas 
plant were made by coal-fired boilers; finally, the 
equivalent coal for the amount of steam actually made 
by the exhaust boilers and by tar burning, and its effect 
on the coal consumption per kilowatt-hour. The net 
amount works out at 1-51 lb. per kilowatt-hour and is 
the figure used in the working costs given later. 

The average calorific value of the fuel over this period 
was 11,333 therms per pound, giving an overall thermal 
efficiency of : 

Therms per kw.-hour at switchboard 


Cal. value x net coal used per kw.-hour 
2 3,412-5 
11,333 x 1-51 

As will be seen from the table more steam is raised by 
the exhaust boilers than is required to make gas for 
the engines. In other words exhaust boilers in con- 
nection with gas engines at a gas works would provide 
all the steam required for the producers, working under 
by-product recovery conditions, necessary to provide 
the gas for the engines when working on a good load 
factor. 

Gas Consumption and Quality.—Owing to the large 
quantity of gas made, 130,000 cub. ft. to 140,000 cub. ft. | 
per ton of coal gasified, it was found that the cost of | 
metering apparatus to record the whole of the gas made | 
was too high to warrant its installation. 

A rotary meter capable of measuring the amount of | 
gas taken by two ‘“‘ Premier” engines was purchased 
and provision made for fixing it in various parts of the 
plant, so that tests could be made in the different engine- 
rooms. 
has been calculated from the results so obtained. 





= 19-9 per cent. | 


The amount of gas used on the Premier engines had to be such 
| same time. 


For more detailed tests and analysis an aspirator 
is used which draws off gas over a long period. The 
sample thus obtained is analysed in a Hempel’s absorp- 
tion pipette with suitable reagents. 

Table III gives the results over a period of three 
months, from which it will be seen that the variations 
are —— slight considering the different qualities of coal 
used, 

Tests of the engines have been made, representative 
figures of which are given in Table IV. 

The efficiency of the Crompton dynamos on a “ Hop- 
kinson’’ test was found to be :— 


Per Cent. 
Full load... te 92-0 
Three-quarter load 91-0 
Half-load ee 90-5 


As regards operating, the engines have run with the 
regularity and the f om from trouble of a good steam 
engine. 

The total operating hours for 1918 were :— 





Engine. | Hours’ Run. 


Compulsory Stoppages. 








523 hours, of which 43 hours was due 


No. 9 6,291 
to exhaust boiler. 
No. 10 6,588 324 hours. 





Those who are interested in the compression-pressure 
question may note that the pressure in these engines 
is 120 lb. per square in. 

Exhaust Boilers.—Tests of these have been made with 


| and without the water heaters. Specimen tests are 


given in Table V. 

Sulphate of Ammonia Recovery.—The amount of 
sulphate recovered depends on the amount of nitrogen 
in the coal, this is usually in the neighbourhood of 
1-3 per cent. from which theoretically 136-5 lb. of 


| sulphate should be made ; actually, as will be seen from 


Table VI, some 90 lb. is recovered—an efficiency of about 
65 bp cent. The sulphate is of a good light grey colour, 
and averages over 25 per cent. NH3. 

Owing to the varying qualities and quantities of coal, 
and the size of the stock tanks, it has been impossible 
to obtain a straight test. 

A recovery of 65 per cent. of the nitrogen in the coal 
appears, at first sight, rather low, but the difficulty in 
sampling must be remembered and a sample taken by 
the men who unload the trucks cannot altogether be 
relied on as showing the average of the bulk. 

A more critical figure for the ammonia absorber 


| efficiency is given in Table VII, which shows the amount 
| of ammonia per cubic metre of gas when entering and 


when leaving the absorber, the actual ammonia not 
recovered being equal to only 4-25 per cent. 


TaBLE VII.—Recovery of Ammonia in Absorber. 





Grammes NH; per Cubic Metre 
in the Gas. 








Entering | Leaving | Efficiency, 
Absorber. | Absorber. | per Cent. 
Average of 14 tests.. 2-73 0-116 95 +75 








Use of Tar.—The amount of tar produced in the 
process varies with the class of coal used ; 5 per cent. to 
7 per cent. of the weight of the coal is a normal figure 
for dry tar. The tar as made contains anything up to 
40 per cent. of water. 

There is a good market for gas works tar, and no 
difficulty generally occurs in disposing of it. Producer 
tar, however, is of a different quality and is not usually 
acceptable to distillers of gas tar. Where the quantity 
of tar to be handled is sufficiently great to pay for dis- 
tillation, it may be economically dealt with in this way ; 
but it must be remembered that tar distillation requires 
special care and attention, particularly when it may be 
emulsified with water, and if the quantities to be handled 
are not sufficient to pay for such care and attention the 
result will be disappointing. 

Full consideration of the matter led to the use of the 
tar recovered, which amounts to about 150 Ib. per ton 
of coal gasified, in the boiler furnaces. Jets of the 
Kermode type were fitted, through which the tar is blown 
by steam over the grates. A compromise had to be 
arrived at as it was not possible to allocate any one 
furnace for burning tar only, and the arrangements 
that coal and tar could be burned at the 
At times of light load it has been found 
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TABLE II.—Powrr-Piant Coat ConsuMPTION. 




































































































































































Coal Gasified plus Actual Coal to be 
Coal Gasified in | Coalif | Coal for Steam- Amoant of Coal | surplus | Debited to Power 
Producers. 25 per Cent Making. yen. Steam used Plant. Load Overall 
is Required ‘ for Manu- Factor | Electro- 
to Provide facturing Gas Thermal 
Per Steam Per 2 et . By Purposes. Per |Engines.| Efficiency. 
Total. | Kw.-Hr. Total. | Kw.-Hr.| oiers,” Burnt. Total. | Kw.-Hr. 
. . 
tons Ib. tons tons. | Ib. tons. tons. tons. tons. Ib. per cent.) per cent. 
l 379-75 114-7 
1,390 1+7 347°5 1,737 +5 2°12 494 -45 tons 146 -95 1,243-05) 1-51 73-6 19-9 
TABLE ITI.—Averace Anatysis oF Propucer Gas MaDe. 
Number | Average Period Total Calorific 
Date, 1918. of vered by CO2 Oo. co. CHy. H. N. Com- Value 
Tests. each Sample. bustible. | per Cub.Ft. 
hours. per cent.|per cent.|/per cent./per cent.|per cent./per cent.) per cent. therms. 
Three months .. 42 12-6 15°38 0-15 10 -68 2-59 26-6 44-1 39°87 139-5 
Highest over period es se ‘ 17°4 0-6 12-50 3-00 28-4 48°3 42-6 150 -6 
Lowest over period ee a oe o- |: 3893 _. 9-1 2-10 24-8 41-6 37°4 130 +1 
| 
TABLE IV.—Test or Gas ENGINE AND GENERATOR. 
Generator. Gas Engine. 
J Caloritic 
Engine Set Load Load. Load. Value of Gas 
Number. Factor. Gas per Heat per Gas per Heat per per Cub. Ft. 
Kw.-Hr. Kw.-Hr. B.h.p.-Hr. B.h.p.-Hr. 
per cent. kw. cub. ft therms. b.h.p. cub. ft. therms. therms. 
12 102 350 93 -57 13,062 610 64-24 8,968 139 -6 
11 84 285 102 -00 13,759 420 69-5 9,368 134-79 
TABLE V.—TeEsts or ExHavust BorLEeRs USING THE ExHavust GASES FROM A 500 BRAKE 
Horse-Power “ Premier”? Gas ENGINE. 
Evaporation per Temperature of Exhaust 
Bacio Heating Surface. B.h.p.-Hour. Gases. 
e 
Set, Load. Steam Load 
Number. In In Water Total Pressure. From and at |Entering| Leaving| Leaving| Factor. 
Boiler. Heater. | per B.h.p. Actual. | 212 Deg. F. | Boiler. | Boiler. | Heater. 
b.h.p. sq. ft. sq. ft. sq.ft. |lb.persq.ft. Ib. Ib. deg. C. | deg. C. | deg. C. |per cent. 
Q 471 523 None 1-05 53-7 1-91 2-16 560 291 — o4 
ll 20 523 57°5 1-16 43-0 2-15 2°56 477 198 180 84 
TABLE VI.—Sutrsatre or Ammonia. 
Average amount recovered per week on standard basis, 24-5 per cent. NHs. 
Sulph. Am. Sulph. Am. per Nitrogen in Actual NH; in 
Weeks. Coal Gasified. Recovered. Ton of Coal. Coal. NH; Recovered. Sulph, Am. 
tons. tons. Ib. per cent. per cent. per cent. 
26 134-3 §-21 87-0 1-285 64-2 25-29 
13 150-1 6-11 91-03 1-32 65 -6 25-39 





Taste VIIL.—Power-Piant Runnine Costs Per K 
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CREDIT FoR SALE oF SULPHATE OF AMMONIA AND DeEsBItTInG Cost or SunPpHuRIC AcID. 





all the stokers had to be trained from the beginning, and 
owing to the shortage of labour following mobilisation 
no skilled stokers were available to give the usual 
training. For a novice to handle a big producer with 
the long heavy | is strenuous work, but the diffi- 
culties were tackled very pean A and soon overcome, 
to such an extent that they were kept under until such 
time as regular deliveries of coal were made, when they 
disappeared, 

Washer Tanks.—The circulating tanks are provided 
with sloping bottoms so that thé tar which settles in 
the water can run down and be drawn off when nec . 
For Nos. 3 and 4 washers this worked very well, but with 
No, 2 the tar was sometimes too thick to run easily, 
and in No. 1 tank the amount of tar was usually small 
but mixed with a large proportion of dust and soot 
which blocked the tar outlets. 

The usual perforated scoops were provided for skim- 
ming the tar which floats off the surface of the water in 
the tanks. The use of them involved a good deal of 
labour and led to the development on the works of a 
better method. A sloping plate was fitted to the edge 
of the tanks at about an angle of 45 deg. and dipping 
about 6in. into the water. By using a flat scraper it was 
then possible to skim the tar off much more quickly and 
with less exertion. 

Details of this kind appear insignificant, but they make 
all the difference to the cleanliness and comfort in which 
the work can be carried on. 

Corrosion.—In spite of the success which followed 
Mr. Lymn’s use of non-lead lined steel vessels elsewhere, 
some anxiety was felt as to the result in this case and 
careful watch was kept, inspection being made whenever 
opportunity offered. 

The reason why corrosion takes place in some cases 
and not in others does not yet appear to have been 
discovered, although many attempts have been made to 
solve the problem by chemists 6 on recovery 
plants. Apparently the composition of the coal has 
something to do with the matter. From the author's 
experience it would ap that when using mild steel 
plates very little corrosion takes place, unless the metal 
is also subject to either erosive action or is under stress. 
At such points corrosion may be rapid. 

In the case of Messrs. Hoffmann’s plant, ammonia 
recovery was not attempted until some weeks after the 
plant was started, in order that the interior of the vessel 
might get thoroughly coated with tar before any acid 
— were circulated. Beyond the failure of a few 
bolts and rivets there has been no trouble from corrosion. 

Centrifugal Fan Cleanere.—These do their work well 
but too much is expected of them. The design of the 
fan is such that the tar and water driven out of the 

as by centrifugal force are not thrown off clear but 
ve to run down the casing and through the outlet with 





| the gas before draining away, consequently the gas is 
| liable to pick up some tar again, 


A modification of the design which would allow the 
tar and water to get away from the system immediately 
it had been thrown out of the gas would make the 
machine more effective. 

The action of the water in the tar fans is mechanical 


|}and, under present conditions, cold water is n 


to reduce the temperature of the gas and to condense 
the tar into such vehicles that it can be caught by, and 
separated out with, the water. If the washing water is 
cooled in towers the possible temperature of the return 
water is not really low enough to be thoroughly effective, 
so fresh cold water has to be brought into cireuit and dirty 
hot water thrown away. The effluent, when handled 
in a coke filter, can be made perfectly satisfactory, 
but it leaves behind a tar laden by-product which is 
difficult to dig out of the filter beds and difficult to burn 
because it is saturated with water and coated with tar. 





Per Ton. 
£ a. d. 
Average price of coal on 1 811i 
Average price of sulphuric acid ... 413 0 
Average price of sulphate of ammonia 17 2 0 
rJ A. 
Units from Supervision and | Repairs and Charges on Capital, Load 
Switchboard. Fuel. Lubrication. Labour. Renewals. 10 per Cent. Total. Factor. 
d. d. d, d, d. d. per cent. 
1,834,375 0 -166 0 -058 0-159 0-130 0-207 0-720 73 +6 





best to shut the tar off and to run on coal only, keeping 
the tar for such times as a good coal fire can also be 
maintained, which not only protects the fire-bars from 
the blast action of the tar jet but also facilitates the con- 
sumption of smoke. In this way the tar can be burned 
without smoke, but it requires watching. If the tes 
are allowed to run bare, and the tar jet deflected } rena 
wards, the grate bars may very readily be damaged. 
Before deciding to burn it the question of distillin 

the tar was considered. A mixed sample was obtained 
and an analysis made, with the following result :— 


Per Cent. 
Moisture id 6s pes 7-0 
Crude oils up to 170 deg. C... éeb 2-6 
Creosote between 170 deg. to 190 deg. C. 17-5 
Creosote between 190 deg. C. to pitch 7-8 
Pitch “a see +e ove oss 65-1 


_ On going into the question of distilling plant it was 
found that the cost of the same, and the labour in con- 
nection therewith, would not warrant its installation 
in view of the comparatively small amount of oil that 
would be recovered. The tar which comes off in No. 4 
washer and the centrifugal cleaner undoubtedly con- 
tains more oils, but the quantity obtained is too small for 
distilling commercially. 

Power-Plant Running Costs.—Table VIII gives the cost 
per unit taken from the actual cost sheets for six months 
in 1918, including 10 per cent. on the capital outlay. 

The lubrication costs are rather high, + to the fact 





that at the period covered a system of forced lubrication 
was in use on two of the gas engines. Since then the 
arrangements have been altered and now the consump- 
tion of oil for lubrication on the gas engines has been 
reduced by 46 per cent. 

The costs include the value of the current used in 
running the gas plant and auxiliaries which, during 
six months, amounted to approximately 8-5 per cent. 
of the units generated. As, however, only about 42 per 
cent. of the gas made was used for the gas engines the 
actual amount of current required for auxiliaries repre- 
sents only 3-6 per cent. of the current that would be 
genera if all the gas were used for that purpose. 

The cost of the fuel if the above debit had not been 
made would be 0-160d. per unit, a difference of 0 -006d. 
or 3-6 per cent. 


NovTes oN OPERATING. 


Producers.—These have worked very well, and 
although minor difficulties occurred during the first 
few months they have been overcome. The chief 
difficulty was due to the small coal and dust at first used. 
It was found that the circular overhead coal pockets 
and the cone valve on the feed hopper tended to separate 
the coal so that dust went to one side and the eae 
pieces to the other side of the producer, consequently 
the fuel burned unevenly and the side on which the 
larger fuel fell got much hotter due to the lesser resistance 
and freer passage for the air and steam. 

In this connection it must also be borne in mind that 





t Scrubbers.—In town or coke-oven works 
scrubbers packed with iron oxide are used, the action 
of which is chemical rather than mechanical, and the 
spent oxide residue has a trade value, 

When sawdust scrubbers are used their function is 
purely mechanical. The removal of the tar-laden saw- 
dust is an objectionable i? and the dirty material 
is difficult to dispose of. Increasing the number of 
scrubbers only enables any box to run longer, as it 
decreases the rate at which the gas passes through it, 
and thus only postpones the dirty day. The final 
traces of tar are due to the lighter tars with low condens- 
ing temperatures, and it is therefore highly important 
to reduce the temperature of the gas before it reaches 
the scrubbers. 

This all points, in the author's opinion, to the advisa- 
bility of getting the gas temperatures down lower and 
catching the tar as pure as possible and free from saw- 
dust, or coke filtering processes. 

The P. and A. and various centrifugal types of 
machines have been used for town and coke-oven gas, 
but are not so successful on producer gas. It is hoped 
that the demand will justify research and experiments 
in this field, and will develop an apparatus which will 
be light in cost of operation and maintenance. 

Electrostatic System of Gas Cleaning.—Having in mind 
some experiments conducted by Sir Oliver Lodge in 
1905, in connection with fog dissipation, which, although 
quite successful on a laboratory scale, were found too 
costly to apply to a London fog, the author thought 
that something might have been done in this direction, 

Sir Oliver seems to have first introduced the system 
to the public at Montreal in 1884.* Sir Oliver there 
showed experiments with gnesium ke in glass 
globes fitted » with points of wire connected to an electrical 
plate machine. When the current was turned on, it 
is stated that the smoke and dust crystallised or 








* Electrician, September 27, 1884. 
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solidified into filaments and streamers on the points 
of the wire. 

The Cottrell system was tried at the Ann Arbor 
Town gas works,* but the trouble in keeping the elec- 
trodes insulated appears to have prevented a more 
general ewes of the system and, so far as the 
author has been able to ascertain, it has not been applied 
to producer gas. 

The Steere Engineering Company of Detroit have also 
used static electricity. In their case the current employed 
was alternating. e 

Although these systems have been highly successful 
in connection with the precipitation of dust in the 
smelting and cement industries there appears to be 
difficulty when applied to gas cleaning in keeping the 
electrodes free from tar deposit. 

A recent application to Sir Oliver Lodge drew from 
the Lodge Fume Company the statement that they 
are working on the matter in this country, but it is too 
early yet to say anything definite about it. 

Circulating Pumps and Pipes.—Owing to the compara- 
tively small quantity of water circulated round the 
washers, 200 gallons per minute, the pumps are small 
and light. It was found that small pieces of wood, 
and small stones mixed with tar and dust, collected in 
the casings which, in larger pumps, would have been 
carried through. Pumps for this purpose should have 
outside bearings and a flexible coupling to the motor ; 
the glands should be ample in size for flexible packing 
and easily adjustable. 

The delivery and suction pipes should be erranged 
as short as possible, since the efficiency of the cleaning 
plant depends entirely on them and may be greatly 
reduced by a deposit of tar. 

Cast-iron pumps were used for circulating the sulphate 
— on account of the difficulty in obtaining bronze. 
After running about six months these began to give 
trouble due to corrosion by the acid, particularly round 
the chaplets. Attempts were made to repair them, 
but after the armistice it was decided to replace them 
with bronze pumps. 

Gas Mains.—These are fitted with dust outlets and 
poke holes which enable the attendant to keep the pipes 
clear while the plant is in operation. This is not difficult 
when running continuously. It was found, however 
that due to the week-end stoppage there was a tendency 
for the inlet to No. 1 washer to get blocked, and also 
the bottom of the down-comer from No. 1 washer. 
Additional poke holes were provided at the inlet and 
a water-luted outlet was fitted to the down-comer. 

In the second plant the bottom of the down-comer 
has an open end dipping into a lute, which prevents 
any accumulation of dust in the main at this point. 

It is not necessary to clean out the gas mains except 
at the usual holiday stops during the year, viz., Easter, 
August and Christmas, when all the extra cleaning 
necessary can be effected. 

Temperature and Pressures.—Fig. 4 shows the air and 


gas temperatures and pressures at important points | 
from the blower through the producers to the gas leaving 


the works. 

It will be noticed that as far as possible the gas pressures 
both positive and negative, are kept low. ‘he greatest 
variation is before and after the centrifugal blowers. 
This cannot be avoided if the gas is to be delivered at 
a reasonable pressure to the works. 

In the ‘‘Mond’’ plants it is customary to keep the 
pressures always above atmosphere. The disadvantage 
is the increased pressure at the producer and washers 
which leads to loss of gas due to leakage, also some 
discomfort for the men working the plant, particularly 
those who have to poke and keep the producer_fires in 
good order. 

GENERAL REMARKS. 


After all that has been heard recently concerning 
the efficiency of electric power stations it is interesting to 
compare the figures with those of Messrs. Hoffmann’s 
plant which, for the six months period quoted above 
(Table II) consumed 1-51 lb. of coal per unit and show 
a thermal efficiency of 19-9 per cent, on the units delivered 
to the feeders. 

Mr, David Wilson (Technical Adviser to the Controller 
of Coal Mines) gave figures for the year ending March, 


1918, at a meeting of the Junior Institution of Engineers, | 


February 27, 1919. 


: 





| 
Out put in | Coal per 
Units. | Unit. 


Thermal 
Efficiency. 


per cent. 
A 200,000,000 Stations in the | 10 -88 
B 40,000,000 South + 
Cc 22,000,000 | 
D 200,000,000 \ 
E 46,000,000 | 
F 28,000,000 | 


of England 


toto 19 tS tO 9 


Stations in { 
other parte of - 
1 the country \ 





| 





Subsequently published figuwes show that the eight | 


stations in the Northumberland district in the year 
ending March, 1919, generated 272-8 million units at 
an average consumption of 2-40 lb. of coal per unit 
generated. The best station in that district shows a 


coal consumption of 1-80 lb. per unit and a thermal | 


efficiency of 18 per cent. on the units generated. 
The next district in order of merit is Durham with 13 
stations generating 307-8 million units and an average 


single station consumption of 2-2 lb. per unit and a 
thermal efficiency of 15-2 per cent. 

Taking the whole of the 438 stations included in the 
returns, the units generated amounted to 4,623 millions 








| at the cost of the product. 


with an average consumption of 3-46 lb. of coal od 
unit. The calorific value of the coal is not available 
but, assuming 11,000 therms per pound, the thermal 
efficiency would be 9 per cent. ma 

The Detroit Edison Company’s figures which, by 
the kindness of Mr. Alex. Dow, the author had the 
pleasure of sending to the Electrician in June last,* 
show a coal consumption per unit delivered to the 
feeders and a thermal efficiency for the six months’ 
periods from June, 1916, to December, 1918, varying 
from 1-44 lb. and 17-33 per cent. efficiency, to 1-63 
lb. and 16-33 per cent. efficiency. : 

When comparing the capital cost of this plant with 
other costs it is important-to note that, while the four 
producers are of large size, the gas washing and recovery 

lant is made up of eight vessels, the total cost of which 
is much greater than it would be if the plant had been 
put down at one time as a 60-ton plant instead of as 
two 30-ton plants. Four vessels would then have 
sufficed which would not have been much heavier 
than four of the present vessels, and the consequent 
saving in pipe-work, foundations, and auxiliaries would 
have ) ne very considerable. 

As regards the use of gas engines, experience here as 
well as elsewhere has proved that they are reliable 
and, where gas is available—whether it is used for 
boiler firing or used direct in engines—will be deter- 
mined largely by the size of the plant contemplated. 





boiler-firing or for producer-gas plants. It is-said to 
have been done for economy. hether the altered 
conditions under which we shall have to carry on in the 
future will permit it is an open question; the factors 
which have to be considered in economy are rapidly 
changing in values. 

For burning low-grade fuel an arrangement of a 
grate external to the boiler would be better than a grate 
directly under the boiler, as the grate need not be so 
restricted, and the next stepis a producer grate. Siemens 
developed the circular producer for furnace work forty 
years ago on much the same lines. 

Calculations have been made showing the loss in pro- 
ducer gas firing of boilers, with and without by-product 
recovery, as compared with direct coal-firing, but these 
questions are not always settled by calculation. There 
are many variables and unknown quantities. Both the 
gasification and carbonisation of coal have been much 
discussed in connection with the fuel economy campaign, 

It is not all coal that will coke, nor is there an un- 
limited demand for coke. If there was such a demand 
the fact that coke is twice as bulky as the coal from 
which it is made would severely handicap its transport, 
which points to its being used locally. It must be 
admitted that there is no more likelihood of all coal being 
gasified than of it all being coked, but there is every 
probability of much more coal undergoing one or other 
of these processes than at present. 


Fig.4. LYMN GAS PLANT AIR AND GAS TEMPERATURES AND PRESSURES 
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In the author’s opinion the large cylinder high-power 


| ges engine will be developed in this country as it has 


een abroad. He is a firm believer in the quick-revolu- 
tion steam engine up to a size, but it has its limitations 
which have been masked by the development of the 
turbine. If large gas-engine units are called for, as 
they surely will be, in greater numbers it does not 
appear likely that a multiplicity of small cylinders 
will answer the call. If a 3,000 h.p. unit can be safely 
developed on four cylinders, why use 24 cylinders ? 
Meantime the gas turbine is not a commercial product. 
For huge plants the steam turbine has no competitor, 
and the opportunities for combining such a plant com- 
plete with by-product recovery from fuel cannot be 
frequent, so it is more probable that in such plants 
direct coal-firing will be the rule, assisted, to a small 
extent, by surplus gas-fied boilers as has been at present 
attempted. er 
Power is a necessity. Coal is a wasting asset and, 
while the engineer is anxious to convert coal into power, 
thermal efficiency must not outweigh all other considera- 
tions or be allowed to become a fetish. 
The country needs power but it finds other products 


| from coal necessary, and no amount of ‘‘ cheap power”’ 


will take their place. Whether power (as electricity or 


| gas), tar derivatives, or coke, is the by-product, can 
| only be determined by consideration of the coal and the 


locality in which it is produced. 
In dealing with fuel problems the first question to 


| settle is, which is to be the product and which the by- 
| products ? i 
| large variety of alternatives for choice. 
| and quality of the fuel, the cost of the plant, the cost 

of o 


Coke, gas, oil, ammonia, &c., present a 
The price 


rating, and the possibility of disposing of the by- 
products at remunerative rates are all factors in arriving 
A comprehensive view of 
the situation is necessary. 

We have only two minerals to export, coal and China 


| clay, and we must make the most of them, exporting 


only the best at the best prices. The position of the 
industrial centres of manufacture has always been settled 
by the position of the potential power supply, in our 
case by our coalfields, and it seems at any rate a debat- 


| able question whether the country can be reconstructed 


on such a plan that natural advantages are of small 


> . . | account. 
consumption of 2-56 lb. of coal per unit, with a best | 


It is absolutely certain that low-grade fuel must be 
better utilised in the future than in the past. This 
should be used locally to save the cost of carriage. 


| Any attempts to use such fuel have generally been 


abandoned in favour of high-grade fuel, whether for 





* American Gas Light Journal, September 21, 1914. 


* Electrician, 1919, vol. lxxxii, page 702. 
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Low-temperature carbonisation has no special thera- 
peutic effect, and although in some quarters much is 
expected of it the industry still has to be established 
on a sound commercial basis. The semi-coke offers a 
pleasanter fuel for domestic hearths as an alternative 
to gas coke, but it is not likely to displace furnace or 
foundry coke. Low-temperature carbonisation will not 
make good semi-coke out of rubbish, any more than & 
high-temperature process will make good coke of it, 
and it remains either to wash all the dirt possible out 
of low-grade fuel or to burn it with a high-ash content. 

To wash coals costs money and is only in part effective, 
while to burn rubbish calls for more labour in transport 
and handling, larger grates, and more heat is thrown 
away in the ash. The same considerations apply, no 
matter whether the burning is done in a producer or 
in a steam boiler. 

To what extent sulphate of ammonia recovery from 
fuel will pay will depend not only on the nitrogen content 
of the fuel and its price, and the cost of recovery including 
capital charges, but also on the selling price of the 
sulphate, and this may be greatly affected by some of 
the processes of nitrogen fixation which have been so 
largely developed during the war. This last considera- 
tion is likely to have an important bearing on the 
adoption of an ammonia-recovery process from coal. 

Again, we have an at present only partly explored 
field in the application of pulverised fuel. The high 
boiler efficiency, due to the possible close regulation 
of air, is attractive but is not assured, and if obtained 
may be too dearly bought when the cost of pulverising 
and the trouble from dust and clinker is emphasised, as 
it is in the case of fuel with a high ash content. _ 

A most disturbing element at the present time is the 
shortened week with only one operating shift. This 
is perhaps not the place to discuss its effect on the 
country, but we are certainly justified in stating here 
that load factor is the important element in cheap 
power, and a high load factor is impossible with a short 
working week and only one shift worked in the 24 hours. 
Such operating cuts at the root of economical power 
stations, and even if we supply over large areas this will 
not give a diversity factor to make up for the short 
working hours of the consumers. If manufacturing 
calls for cheap power it must remember that a low ee 
depends on long hours of operating and a high loa 
factor. hi 

In conclusion the author desires to put on record his 
indebtedness to the managing. directors of the Hofimens 
Manufacturing Company for permission to publis 4 
these particulars of their plant, also to their staff an 
his own, and to Mr. A. M. Lymn, for their ready assistance 
rendered in the matter. 





